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FOREWORD 


This  is  thc!  third  quarterly  report  piepared  under  Contract  AF  3j(6ij7)-yib6 
"Mechanism  of  Microbioloi^’ical  Contamination  of  Jet  Fuels  and  Development  of 
Techniques  for  Detection  of  Microbiological  Contamination."  This  contract  was 
initiated  by  the  Aero  Propulsion  Laboratory,  Research  and  Technology  Division, 
Wright-Patterson  Air  Force  Base.  Mr.  A.  Churchill  is  Project  Engineer. 

This  report  concerns  work  done  from  1  September  iy6J  to  1  December  li>63. 


ABSTRACT 


This  study  is  concerned  with  the  detection  of  microorganisms  in  fuel 
water— envi ronments  and  with  the  mechanisms  by  which  these  microorganisms 
cause  problems  in  fuel  systems  of  aircraft.  The  laboratory  detection  methods 
studied  were  the  esterase  afjproach,  tetrazolium  reduction,  ©2  consum^  tlou  and 
CO2  evolution.  The  techniques  which  appear  to  have  the  greatest  chance  of 
success  are  the  esterase  approach  and  te  -azolium  reduction.  For  field  detec¬ 
tion,  the  work  is  continuing  on  the  electrophoresis-pulse  polarization  tech¬ 
nique.  These  studies  h  ,ve  been  extremely  successful  in  finding  techniques 
which,  >y  the  end  of  the  year,  should  be  useful  for  rapidly  detecting  small 

numbers  of  viable  microorganisms  in  fuel  water  bottoms.  The  esterase  tech- 

6  7 

nique  now  can  detect  10  -lo'  viable  cells  in  about  5  minutes  and  it  is 
expected  that  the  tetrazolium  technique  will  determine  the  number  of  organ¬ 
isms  which  can  utilize  fuel.  All  that  remains  to  be  done  now  is  to  establish 
the  criteria,  such  as  the  length  of  time  required  for  color  to  develop,  which 
will  indicate  when  the  microbial  contamination  has  reached  a  harmful  level. 

Th'’  field  detection  approach  has  been  confined  to  the  calibration  of  the 
pulse  polarization  technique  using  solutions  in  which  aluminum  corrosion  is 
known  to  occur.  The  results  demonstrate  that  there  are  three  polarization 
characteristics  -  double  layer  capacitance,  exchange  current  and  tafel  slope  - 
which  affect  anodic  and  cathodic  polau'ization.  The  results  to  date  appear  to 
be  promising,  because  alteration  in  any  one  of  these  6  characteristics  by 
fuel  microorganisms  could  be  used  as  a  means  of  detection. 

The  metabolism  study  is  concerned  primarily  with  defining  the  corrosion 
problem  and  in  defining  the  chemical  changes  which  occur  during  the  growth  of 
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ana  su^rfiLe,  ana  capionn  arc  baport-'c. 2 ;  thUj  corv'-:-  ::  :.*■...a-r.^a-.  ,  la  . 

than  distliled  water,  w:ulc  ;:;i  G2U..l'atc  corr.x:er:  ^  ..nii.-.;-.  ;'a.;'>:)r'  .:...- 

tilled  water.  The  resultj  ^uppest  l;;at  r^crabial  carrot- .r. 
the  netal  coi.stituents  Ir.  triC-  nr'-jer.t  rrowth  .~.eai'a.~..  inat  ... ,  irxr  .aa 
i'actors  req'oired  by  the  enzynes  respons-blc  for  oxiaation  of  ;2;;,'drocarDQ:.s 
are  supplied,  and  therefore  they  arc  not  removed  fro.-,  t.ho  alloy  by  tne 
organism.  An  additional  possibility  is  that  rlcr'llal  corroj-on  ir.  f-cl 
systeros  .may  be  enhanced  by  the  microbial  deterioration  of  .m.atxjrial..-  used 
protect  t.he  c*lumin'am  fram  corrosion.  The  results  may  .snow  ihat  cot.-',  .-.ech 
isms  are  involved.  These  h;>'potheses  will  be  tested  in  fut'ire  stuciics. 

The  changes  in  the  camposition  of  fuel  and  water  layers  rrod'uccc;  by 


.-aicroorganisiris  during  growt-n  were  investigated,  The  cr.ar...tc.s  in 
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tion  of  fuel  before  and  after  .-rowth  were  c^-aracterlzeo.  The  f-.el  co-i 
compo'anas  produced  duni.;'  growth  appear  to  :.e  polpT.uclear  .-'y-urocarco.-.s;  ;. 
oxygenated  campo'ar.'u:  were  observed  by  Id  analysis.  I--,  contrast,  se.cr  J. 
the  emulsion  forming  pure  culture  isolates  were  show:",  to  proouce  water  .  : 
ox^'genated  compounds  during  jU’Owth.  r'.irtner  stuay  of  t.-'-Ose  oortgG.natea  ro 
pounds  -r.  relation  to  the  corrosio.n  staay  is  piaruiea. 

Trie  effect  of  growtn  on  t  ie  ©2  anu  CO-,  xevcls  of  tnc  fuel  an  ;  t 'nc’  wa 
phases  of  trie  growt;;  meaium  were  followed  in  open  a:.d  c-osea  .  ir, 

systems  ti'.e  orgai'isms  util-zeu  t;.'..  0  -ana  prou'ucpa  GO.  tb 
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'I'hc  effect  of  'Uiese  changes  or  ecolonicai  changes  ir  microilora  will  be 
exaT\ir;ed  once  conditions  for  demonstrating  corrosion  by  rmcroorganiams 
are  e r  tali  i shed. 

if*  porme-'c:; ii ty  to  liel  of  fuel  and  rarmal  ciil tunes  was  studied  but 
the  probier.  l.ac,  i;Ot  yet  been  resolved. 

iberther  stu-dies  witj:  aeionised  wat-er  and  distilled  water  are  planned 
to  ex,  laai.  th«  rxowtn  of  fuel  isolates  ufdcf  occurred  in  the  BH-medium 
lacKlrii'  :d Irate.  L.  order  to  eluciaate  the  prowtn  of  fuel  isolates  on  3H- 
riiediuin  lacking  nitrate,  the  metabolism  of  these  organisms  in  distilled  or 
ueionized  water  Wj.li  be  studiea. 

A  preiiJTU-narj'  ccxnparison  of  some  new  mineral  media  indicated  that 
setter  growth  was  Obtained  with  the  new  media  than  with  3H.  The  corros¬ 
ivity  of  this  medium  is  now  being  compared  to  3H. 
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I,  INTflODUCTION 

The  growth  of  mioroorganisms  in  hydrocarbon  substrates,  especially 
fuels,  has  been  ncteri  for  many  years.  In  some  cases  the  organisms  are 
associated  with  difficulties;  i.e. ,  corrosion  of  iron,  the  problems  of 
water  pollution  and  waste  from  refineries,  the  decomposition  of  additives 
in  gasoline,  the  formation  of  water-oil  interface  of  microbial  masses 
which  clog  fuel  lines,  and  corrosion  of  aluminxun  in  the  wing  (integral) 
fuel  tanks  of  aircraft.  The  direct  involvement  of  microbes  in  these  problems 
and  especially  the  mechanisms  by  which  the  various  difficulties  are  brought 
about  are  still  poorly  understood.  It  is  believed  that  definite  answers 
will  be  obtained  by  the  studies  planned  in  this  program. 

Rapid  detection  techniques,  mechanisms  of  corrosion  production,  and 
changes  during  growth  of  fuel  organisms  were  investigated  during  this 
quarter.  The  rapid  detection  approaches  considered  were  esterase,  tetrazo- 
lium  reduction,  0^  consumption,  CO^  evolution  and  pulse  polarization.  In 
the  mechanism  study,  the  role  of  microorganisms  in  corrosion  and  their  role 
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in  the  utilization  or  production  of  compounds  in  fuel-water  environments  was 
investigated. 

Two  differtnc  detection  approaches  are  needed;  the  first  fo’or  methods 
are  possible  approaches  for  detecting  cnanges  in  the  concentration  of  micro¬ 
organisms  in  laboratory  experiments.  The  last  approach,  pulse  polarization, 
is  a  possible  method  for  the  detection  of  corrosion  organisms  in  the  field 
before  they  cease  subsequent  deterioration  of  fuel  systems.  In  the  •'cchanism 
study,  laboratory  information  is  needed  which  will  help  define  the  problems 
associated  with  the  growth  of  microorganisms  in  fuel.  During  this  quarter 
experiments  were  set  up  to  define  ■^he  role  of  microbes  in  corrosion,  and  to 
determine  what  changes  occ\irred  during  growth  of  the  microorganisms  in  the 
fuel-water  environment.  The  changes  of  environment  during  growth,  (i.e,,  CO^ 
and  O2  content  of  the  medium  and  in  the  ultraviolet  and  infrared  absorption 
of  the  fuel  and  water  layers)  were  investigated. 

Two  other  studies  were  continued:  the  permeability  study  and  the  nutri¬ 
tional  study.  The  effect  of  fuel  on  the  viability  of  organisms  was  investi¬ 
gated  in  the  hope  of  determining  whether  fuel  orgajiisms  are  less  permeable 
to  fuel  than  normal  cells.  Preliminary  studies  with  new  media  were  initiated 
to  determine  if  such  media  are  less  corrosive  than  the  SH -medium  and  if 
differences  in  corrosion  could  be  associated  with  the  increased  gr-wth  of 
fuel  organisms. 


II,  SUMMARY  AND  aNCLUSIONS 


A .  Detecticn  Studies 

Since  the  beginning  of  this  program,  several  rapid  detection  approaches 
have  been  evaluated  for  tneir  possible  application  to  the  quantitation  of 
microbial  numbers  in  laboratory  fuel  studies.  The  approaches  evaluated  to 
date  are:  the  use  of  microbial  esterases,  gas  chromatography  of  lipids, 
irrficator  soda  lime  technique  for  absorption  of  evolved  C02»  gas  chromato¬ 
graphic  measurement  of  evolved  CO2,  tetrazolium  reduction,  and  oxygen 
consumption.  Only  two  of  the  technioues  evaluated,  the  esterase  and  tetrazolium 
reduction,  appear  tc  warrant  further  consideration.  The  other  techniques 
were  considered  inappropriate  '^ecause  they  lacked  the  sensitivity  required, 
were  not  rapid  enou:rh,  or  failed  to  give  a  measurable  response  with  jet 
fuel  organisms. 

Four  techniques  were  evaluated  during  this  quarter  including  esterase, 

tetrazolium  reduction,  oxygen  ccnsumpticn  and  CC^  evolution.  The  results 

of  experiments  with  the  esterase  approach  shewed  that  the  esterase  level 

of  the  organisms  dees  not  increese  by  the  same  increment  as  the  cell  count. 

In  rich  media,  TOY  and  lactate,  ‘he  enzyme  act  ivity  was  related  tc  the  growth 

phase  but  in  fuel  media  this  relationship  was  nci  apparent.  It  was  found 

that  the  enzyme  level  is  associated  witii  .he  energ}"  source  of  the  medium, 

and  that  it  is  about  ID  fold  higher  in  TGI  t  n  in  lactate  and  about  10 

fold  higher  in  lactate  than  in  BH-fuel.  The  sa  le  general  relationsnip  was 

observed  with  ceil  numbers.  The  TGY  medium  contained  approximately  10^^ 

cells/ml  at  the  cessaticr.  of  growth,  whereas  -lactate  and  BH-fuel  has  about 
Q  q 

10  and  10'  ce-ls/iru  respectively. 


The  tetrazoliiijr  reduction  approach  for  detecting  fuel  organisms  appears 
to  be  most  useful.  Only  preliminary  studies  have  been  carried  out  to  date 
and  no  relationship  between  activity  and  cell  numbers  ha?  beer.  .made.  How¬ 
ever,  all  of  the  cultures  examined  to  oate  reduced  tne  dye  vigorously. 

The  conditions  for  assaying  the  dehydrogenase  with  tetrazolium  in  fuel 
isolates  have  been  determined  and  tho  studies  concerning  the  ro]  ?  of  various 
substrates  and  cofactors  in  this  reuuction  have  neen  worked  out.  Preliminary 
results  indicate  that  in  the  presence  of  MTF  tetrazolium  glyceraldehyde-3- 
phosphate,  BPN  and  fuel  microbes  i.u  it  is  possible  to  easily  detect  the 
organisms  in  30  minutes.  The  objec'-ive  is  to  reduce  this  time  to  5  minutes, 
and  in  addition,  show  the  relationship  octween  cell  numbers  and  tetrazolium 
reduction  and  the  changes  in  tetrazolium  reduction  during  various  phases  of 
growth. 

The  tetrazolium  technique  is  particularly  good  because  upon  redu'-tion 
the  dye  forms  a  precipitate  insoluble  in  water.  The  precipitate  is  soluble 
in  fuel  and  it  lu  -.a  *ly  extracted  from  the  water  phase  into  the  fuel  phase 
by  shaking,  ."nus,  it  is  possible  to  measure  the  color  developed  in  fuel 
and  obtain  a  qua:.t.ipative  readout  of  the  enzyme  (dehydrogenase)  activity 
of  the  fuel  culture,  i’urther  3t.:d.es  along  these  lines  will  be  carried 
out  in  the  next  quarter. 

We  have  teen  fortunate  in  finding  two  approaches  that  will  be  useful 
in  monitoring  the  levels  of  microbial  contamination  of  fuel.  It  is 
anticipated  tnat  criteria  for  determining  the  critical  harmful  levels  of 
organisms  will  be  dr^'ined  in  future  moriths  and  that  it  will  be  possible 
to  detect  the  level  of  microbial  contamination  by  color  changes  in  fuel 
water  systems  cr-. t  ’ inirptr.  a  s.mall  amount  of  either  esterase  cr  tetrazolium 
reagents. 


Work  in  the  field  detection  approach  has  been  confined  to  *.he  calibration 
of  the  pulse  polarization  technique  using  solutions  in  which  al\uninujn 
corrosion  is  known  to  occur.  The  results  demonstrate  that  there  are  three 
polarization  characteristics  -  double  layer  capacitance,  exchange  current- 
and  tafel  slope,  which  affect  anodic  and  cathodic  polarisation. 

The  results  achieved  appear  promising  because  alteration  in  any  one 
of  these  6  characteristics  by  fuel  microorganisms  could  be  used  as  a  means 
of  detection. 


B,  Metab'.lism  Studies 


Durini?  th-  p-sst.  three  quarters  the  ccrrcsicn  cf  slur.i:  un  'iSlc  vs 
by  microorganisms  has  been  investigated  at  the  cellular  level.  Attempts 
were  made  to  design  definitive  experiments  capable  cf  snowing  the  extent  to 
which  microorganisms  contribute  to  the  corrosion  process. 

Unambiguous  results  were  obtained  initially.  Media  capable  of 
supporting  the  growth  of  fuel  isolates  did  not  themselves  cause  corrosion 
in  the  absence  of  microbial  growth.  However,  when  these  meaia  were  i.n- 
oculated  with  fuel  isolates,  corrosion  of  aluminum  alloys  was  apparent. 

In  an  attempt  to  verify  and  to  further  investigate  the  relationship 
of  microbial  growth  to  corrosion  processes,  a  still  larger  number  of 
observations  were  made.  During  these  studies  it  was  apparent  that,  with 
large  numbers  of  controls,  a  certain  incidence  of  corrosion  occurred  in  the 
absence  of  bacterial  growth.  This  observation  suggests  a  possible  lack  of 
uniformity  in  the  structure  of  the  alloy  under  investigation,  and  points  up 
the  limitations  of  the  initial  preliminarv  experiments  which  utilized 
fewer  controls. 

In  the  third  quarter,  the  effects  cf  growth  media  constituents  has 
received  additional  attention  and  the  observation  was  confirmed  that  the 
modified  EH  mediu.n  causes  corrosicn  without  the  addition  of  bacteria. 

The  design  of  a  medium  capable  of  supporting  the  growth  of  fuel 
isolates,  but  which  does  not  corrode  aluminum  alloy  is  a  formidable  tasK, 
and  it  is  a  problem  which  at  the  present  time  has  not  been  solved  ly  any 
investigator  concerned  with  corrosion  problems. 


Two  phenomena  relating  to  the  i^ivoivament  of  iracroblal  growth  in  ^Jet 
fyel  systems  deserve  consideration  primarily  because  they  suggest  distinct 
modes  by  which  microbial  growth  may  be  related  to  corrosion  occurrence. 

First,  the  moncmeLhyl  ether  of  ethylene  elyccl  is  knoum  to  inhibit 
or  prevent  fuel  tank  corrosion  'when  used  as  an  additive  to  conventicnal 
fuel  systems.  This  compound  has  a  known  bacteriostatic  or  bacteriocidal 
action.  The  ability  of  the  ether  to  present  corrosion  is  therefore  pre¬ 
sumptive  evidence  that  microorganisms  are  intimately.  If  not  causally, 
ijivolved  in  fuel  tank  deterioration.  But  the  use  of  the  monomethyl  ether 
of  ethylene  glycol  for  corrosion  prevention  does  not  reveal  the  chemical 
mechanism  of  bacterial  attack. 

This  ester  may  cause  the  lysis  of  bacteria  and  the  dilution  of  their 
enzymic  constituents,  or  the  compound  may  act  only  as  a  competitive  or 
noncompetitive  inhibitor  of  enzymes  essential  to  the  metabolism  of  fuel  in 
the  corrosion  process,  Ir.  the  latter  case,  it  is  easily  conceived  that 
prevention  of  corrosion  would  not  alone  alleviate  difficulties  deriving 
from  foam  formation,  or  the  possible  irisensatizaiion  of  instrumentation 
by  biogenic  sludge. 

r.econdly,  during  the  course  of  the  research  effort,  it  was  found 
that  nitrate  ion  prevented  cor-osion  of  aluminum  alloys  in  the  unmodified 
BH  medium,  klien  NO^  was  removed  from  the  PH  meaicm  the  ions  present  caused 
considerable  corrosion  in  the  absence  microoes.  At  the  present  time 
this  obsernration  has  not  been  ra-' iona li zed  ir,  terms  of  the  chemistry  of 
the  inorganic  reactants  involved-  However,  tr.»  ability  of  a  given  reactant 
to  prevent  corrosion  suggested  the  hypcthesLs  tnat  ba-'teriai  growth  may 
remove  subsbat\ces  which  inhibit  corrosion,  in  tr',-3  case  the  nitraie  ion. 


In  the  medirim  emplcyeds.  the  removal  of  i.itrate  is  a  concomitant  of  cell 

^4  +  T  +  -r  f 

growth,  while  the  Ca  ,  Mg  ;  and  Fe  of  the  jreuium  or  tneir  anionic  salts 
appear  to  catalyze  the  corrosion  of  aluininum  alloys  in  the  absence  of  nitra* 
In  this  context  the  growth  cf  microbes  in  fuel  indicates  the  degree  of 
contamination  of  fuel  systems  by  quantities  cf  minerals  which  support  growth 
and  at  least  one  of  which  inhibits-  corrosion  formatiori, 

Should  analysis  muicate  that  fuel  or  water  bottoms  contain  m-’nerals 
in  sufficient  concentration  tc  support  growth  of  fuel  isolates,  then  +he 
suitability  of  treating  fuels  with  ion  exchange  resins  or  chelating  agents, 
soluble  in  both  organic  ana  aqueous  phase,  would  require  consideration. 
Attention  would  be  directed  agau.  to  the  physiological  character  of  the  fuel 
isolates,  with  particular  reference  to  their  growth  requirements.  The  latte 
consideration  is  an  important  aspect  cf  the  study  dealing  with  methods  for 
detecting  fuel  organisms. 

Based  on  the  data  and  conclusions  that  have  been  ootalned,  it  appears 
that  the  corrosion  problem  is  becoming  more  defined.  The’^e  are  three 
hypotheses  concerning  the  mechanism  by  which  microorganisms  cause  corrosion. 
The  first  hypotnecis  is  that  fuels  contain  minerals  that  support  bacterial 
growth,  and  that  it  is  the  alteration  in  this  mineral  content  effected  by 
bacteria,  which  specifically  produce  an  ionic  environment  causing  corrosion. 

Following  evaporation  of  fuel,  possible  resid'ues  will  be  examined  for 
metals  wnich  (1)  catalyze  corrosion  of  aluminum.  (2)  inhibit  corrosion, 
and  (3)  inhibit  or  supi'Ort  the  growth  or  metabolism  cf  fuei  isolates. 

If  materials  are  obtainf'd  from  f  lel  which  surrcrt  growth  and  affect 
metal  surfaces,  such  as  rd/**  has  been  shown  to  dc ,  then  the  f  ixation  c*' 
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theae  components  by  fuel  organisms  will  be  explored  with  the  objective  of 
assessing  the  ecological  changes  in  a  fue^-water  system  having  some  conse¬ 
quence  botn  in  the  problem  of  corrosion  and  the  problem  of  biological 
sludge  formation. 

The  second  hjncctheais  is  that  microbial  growth  in  fuel  tanka  is  possible 
because  organisms  remove  metals  from  the  alloy  surface  for  growth.  Two 
mechanisms  are  suggested  to  account  for  thcs  activity,  (1}  tne  elaboration 
by  microorganism  of  specific  compounds  which  react  with  metals  and  render 
them  soluble,  and  also  make  them  capable  of  penetrating  the  bacterial  cell, 
and  (2)  the  ability  of  the  microhee  to  shift  the  equilibrium  as  fol.owss 

Metal  -  an  ny— - *  Metal  -  water  Me  tad  -  microbe  in  the  direction 

of  the  microbial  cell. 

There  is  some  recent  evidence  by  Gholsor,  Baptist  and  Coon^  which  shows 
that  aluminum  lens  will  substitute  for  ferrous  and  ferric  ions  in  one  of  the 
enzyme  systems  associated  with  the  conversion  of  octane  to  octanol.  This  is 
an  important  finding  because  it  suggests  that  in  the  absence  of  any  other 
cations  such  as  Fe"^*,  Mg**,  Ca**  etc.  that  m.icroc’'ganisms  may  remove  the 
adijuninum  oxide  from  the  surface  of  the  aluminum  and  thus  accelerate  or 
initiate  corrosion.  Pure  cultures  are  now  growing,  in  tne  laboratory,  in 
pure  hydrocarbon  systems  and  forming  emulsion  type  materials.  The  emulsion 
will  be  analyzed  by  infrared  and  gas  chromatography  to  determine  the 
composition  of  the  mater.i  als,  fne  nex*  experiments  will  involve  the 
production  of  *.bese  compou'vdf  in  a  medi  im  with  limited  nutrients  in  the 
presence  of  alumin’^im  alloys  so  that  it  may  show  the  relationship  of 
emulsion  to  corrosion. 
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An  edternate  hypothesis  is  suggested  by  the  work  of  Hamilton  et.  al, 
who  demonstrated  hydrocarbon  oxidation  in  the  absence  of  enzyme.  It  may  be 
that  bacteria  produce  compounds  such  as  ascorbic  acid  which  will  react  with 
the  metal  surface  and  cause  corrosion  in  the  presence  of  oxygen.  If  tl'as 
hypothesis  is  true,  it  may  not  be  sufficient  just  to  kill  the  organisms  to 
eliminate  corrosionj  but  one  may  also  have  to  remove  the  organic  materials. 
This  possibility  will  be  examined. 

The  uard  hypothesis  is  that  microbes  are  utilizing  the  sealants  and 
topcoats  and  possibly  the  corrosion  inhibitors  in  the  fuel  systems  so  that 
the  aluminum  alloys  are  exposed  to  the  normal  electrochemical  corrosion* 

In  those  situations  where  aluminum  tanks  are  coated  with  plastic  sealants 
the  operation  of  the  first  mechanism  could  be  of  special  importance  because 
of  the  possible  trapping  of  organisms  on  the  metal  surface.  The  trapped 
organism  may  give  rise  to  a  colony  cf  bacteria,  and  because  of  the  confinement 
any  inetabolic  product  would  exist  in  extremely  hign  concentration.  Such 
;  roducts  known  to  affect  metals  may  be  no  more  complex  than  the  hydrogen  ion 
or  citric  acid,  a  r. .delate,  which  forms  compounds  of  great  stability  with  a 
wide  variety  of  metals. 

In  the  absence  of  microbial  growth,  model  systems  using  various  chelaoing 
agents  can  be  designed  which  reveal  ohe  consequence  with  respect  to  corrosion 
of  selectively  removing  the  constituent  metals  of  an  aluminum  alloy.  The 
effect  of  corrosive  stimulants,  such  as  ferric  ion  and  magnesium,  can  be 
studied  in  a  similar  manner,  and  the  concentration  levels  at  which  they  ai'e 

s^aJ)  L-c  u€  oc  Xiii j-Tic u« 
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Experiments  will  be  conducte'i  Juring  the  next  quarter  to  determine  which 
ff  the  three  hypothesis  concerning  corrosion  is  most  important.  The  possibility 
exists  that,  it  is  not  any  one  mechanism  alone  which  causes  corrosion  but  a 
combinJivion  of  one  or  more  mechanisms  which  change  as  the  conditions  are  varied. 

Ultraviolet  and  infrared  spectroscopy  and  fluorescence  measurements  were 
made  of  fuel  and  water  phases  of  growth  media  before  the  initiation  of  growth 
and  following  its  cessation.  These  analyses  were  made  to  detect  the  utilization 
of  fuel  components  during  growth  and  the  production  of  water  soluble  or  fuel 
soluble  compounds  singVLlarly  characteristic  of  fuel-grown  organisms.  Knowledge 
of  such  compounds  would  be  useful  in  explaining  the  metabolic  pathways  of  fuel 
organisms,  as  well  as  being  useful  in  this  identification. 

The  growth  of  mici ©organisms  in  a  fuel-water  envirorar  ;nt  caused  the 
prodaction  of  compounds  whicn  were  soluble  in  the  fuel  as  demonstrated  by 
increased  ultraviolet  absorption.  Analysis  of  these  compounds  by  ultraviolet 
and  infrared  absorption,  and  ‘^y  fluorescence  indicated  that  low  concentrations 
of  these  compounds,  possibly  polynuclear  hydrocarbons  or  conjugated  unsaturated 
compounds,  were  present.  The  preliminary  infrared  analysis  indicated  that 
these  ccanpounds  might  be  oxygenated.  However,  fractionation  by  distillation 
failed  to  confirm  this  expectation.  Further  work  with  these  complex  compounds 
will  be  considered  with  pure  hydrocarbons  in  the  growth  medium. 

One  interesting  observation  found  in  this  quarter  was  that  the  ultra¬ 
violet  absorption  charactertstics  of  fuel  dissolved  in  water.  A  peak  at  271  itp. 
was  observed  which  disappeared  when  fuel  microorganisms  were  allowed  to  grow 
only  cn  the  fuel  that  was  soluble  in  the  water.  Whether  this  component  is 
the  orly  one  utilized  13  net  known,  but  it  is  doubtful.  Attempts  to  determine 
this  will  be  considered  in  future  work.  The  growth  of  microbes  in  fuel— water 
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environments,  however,  do  produce  oxygenated  compounds.  This  was  denc^str^te 
b','  use  of  s  pure  culture  cT  an  emulsion  Termini  orpe-ism  ■■'rr  on.  yii'~fuel 
media.  Tnfrerec  annuysis  showed  that  .'.one  o.y'e’ ated  cempenent.,  possibly  nci 
alcchcl,  ketone  or  aldehyde  was  formed  dur5n°'  growth, 

Work  is  new  in  progress  to  produce  these  water  soiuhie  emulsicn  ’.ype 
compounds  from  pure  hydrocarbons.  The  relation  uha  3uch  comijounis  have 
to  the  corrosion  and  sludge  forr.ation  problems  are  axsc  under  consideration. 

After  characterizing  these  compounds,  it  is  proj'ected  that  a  "model 
system"  can  he  built  which  will  demonstrate  corrosion  when  the  indicated 
compounds  are  formed. 

With  the  object  of  understanding  the  metalolism  of  those  organisms  which 
grow  in  fuel  water  systems  and  which  are  to  be  detected,  analyses  were  made 
of  the  removal  of  oxygen  and  the  production  of  CC ^  by  them.  The  oxygen 
electrode  was  employed  to  determine  oxygen  uptake  and  a  titration  methC'd  was 
used  for  OO2  measurements.  The  observation  was  made  that  oxygen  was  cons'umed 
and  CC2  was  evolved  in  a  closed  system.  The  intermed late  oxidation  products 
formed  during  this  2  to  3  incubation  period  were  not  studied. 

The  tentative  hypethesis  was  tested  that  fuel  organisms  differed  from 
normal  crs'anisms  with  respect  to  fuel  permea'"^! lity ,  and  further  that  ^"is 
diiference  wc-id  result  in  the  survival  of  craa'^isms  in  water— 'Wei  systems. 
Cbservaticns  were  made  wnich  su-'gested  that  salt  ccrcentraticr.  and  previcus 
yrewt,'!  renditions  profoundly  affect  the  viabij.ity  of  beth  normal  and  fuel 
cr^amsms  wnen  exposed  to  fuel.  These  ohservatiens  indicated  that  fuel 
organisms  can  ne  made  sensitive  to  lethal  effects  of  the  fuel,  which  under 
ot ner  cond  itions  serves  ss  an  energy  source  for  these  crgar.isns . 


P\i0i  organisms  grow  slowly  when  using  hydrocarbons  as  substrates.  The 
slowness  of  growth  impedes  both  the  analysis  of  their  metabolic  processes 
and  the  analysis  of  the  reia^ionsnip  of  such  growth  to  corrosion  processes. 
Therefore,  nutritional  studies  were  initiated  to  develop  media  which  would 
simulate  the  character  of  fuel  and  yet  permit  rapid  growth.  In  addition 
to  the  testing  of  media,  preliminary  studies  were  made  of  the  effect  of  copper 
which  was  observed  to  first  repress  then  stimulate  growth. 


ITl.  FUTURE  WORK  PLANNED 


Work  for  tho  next  quarto-  v:ll  -nc-U'l®  i  rontinuatior.  of  the  studies 
conducted  during  the  tnird  quarter,  in  addition  to  new  work. 

Work  to  be  continued  will  include" 

A,  Detection  Studies«  Laboratory/  detection  technique?  to  be  continued 
will  include  the  esterase  enzyme  approach  and  tetrazoliun  dye  studies, 

Atteirpts  to  quantitate  these  methods  for  laboratory  and  field  use  will  be 
made.  Field  detection  studies,  i.e,,  activation  polarization  characteristics, 
will  also  be  continued. 

B»  Studies  of  the  Corrosion  Mechanigm,  Corrosion  studies  during  the 
fourth  quarter  will  be  designed  to  evaluate  three  pcstulatei  corrosion  mecha¬ 
nisms  involving  bacteria,  llie  first  hypothesis,  that  fuels  contain  minerals 
which  support  bacterial  grow+h  and  that  the  alteration  in  this  mineral  con¬ 
tent  effected  by  bacteria  specifically  produces  an  :.onic  environment  causing 
corrosion,  will  be  investigated  by  examining  fuel  residues  for  metal?  which 
(1)  catalyae  corrosion  of  aluminum,  (2)  anhifait  corrosion,  and  '  • inhibit 
or  support  the  growth  or  metabolism  of  fuel  isolates, 

Ihe  second  hypothesis,  that  microbial  growth  in  fuel  tanks  is  associated 
with  the  organisms. removal,  of  metals  from  the  alloy  surface  during  growth, 
will  be  investigated.  The  use  of  an  emulsion  forminr  organism  and  pure  hydro¬ 
carbon  systems  will  be  employed  for  these  stuiiec.  Possibly  specific  com¬ 
pounds  produced  during  growth  ’'ight  eoluDili/-^  tne  -'etals  and  allow  their 
penetration  into  tne  bacterial  cell,  a.-  w^^l  a=  critically  altf'r  tne  metal 
surface  with  respect  to  corrosion  suscepiib.ltty, 


Kie  third  hypothesis,  that  microbes  utilize  sealants,  topcoats,  and 
corrosion  innibitors  in  the  fvel,  thus  exposing  the  alleys  to  normal  electro¬ 
chemical  corrosion,  will  also  be  investigated. 

Because  the  softer  20?h  alloys  were  more  susceptible  to  corrosion,  an 
examination  of  the  contribution  of  hardness  and  struct''ure  of  the  alloy  to 
amount  of  corrosion  observed  in  the  growth  meoiun  will  be  studied. 

Studies  of  the  corrosion  mechanism  by  half -cell  techniques  will  be 
continued.  These  studies  will  include  investigation  of  corrode  a  and  non- 
corroded  alloys  in  conjienction  with  large  numbers  of  washed  cells  in  deion¬ 
ized  and  distilled  water. 

C.  Nutritional  Studies.  Nutritional  studies  will  :ietermine  if  corros¬ 
ion  occxirs  more  rapidly  in  aishnell-4iaas  fuel  -edium  than  new  media  presently 
under  investigation, 

D,  Permeability  Studies.  Permeability  studies  will  point  out  differ¬ 
ences  in  fuel  isolates  and  normal  cultures. 


IV 
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Rapl<i  Detection  Studies 

The  objectives  of  th**  beteoticn  stu:iy  are  to  firxi  a  rapid  detection 
tecbni:iue  w^.ic'-  can  be  use!  an  a  research  tool  for  the  ietecticr  of  fuel 
niicrobes  in  lahoratcrv  studies,  ar*s  tc  develop  a  detector  waic’  wlii  rapidly 
indicate  the  presence  of  lew  levels  of  contamination  before  they  cause  any 
deleterious  effects  on  the  envircr.nant.  This  means  t’r;=t  the  prebn  nuat  detect 
minute  quantities  of  microorganisms  in  a  shert  period  of  time  and  must  supply 
the  information  required  to  identify  the  quantity  and  type  of  organism  present* 
The  difficulties  involved  ir  the  development  of  such  probe  are:  (1)  analytical 
techniques  of  sufficient  sensitivity  are  limited  in  number,  and  (?)  most 
analytical  techniques  require  long  time  periods.  Consequently,  new  schemes 
must  be  developed  to  detect  microorganisms,  and  signal  to  noise  ratios  must 
be  increased.  The  detectors  studied  for  laboratory  use  and  field  us-.-  are 
described  below. 

1,  Laboratory  Detection  Techniques 

During  this  quarter  four  possible  techniques  were  invest  ...gate  J  from  the 
standpoint  of  bein^  useful  for  indicating  numbers  of  organisms  in  laborator:/ 
experiments.  The  detection  approaches  considered  in  this  quarter  were s  the 
esterase  enzyme,  t-3tr.izolium  r^ducticn,  ox^/'-'er.  ccn.sumption  and  fC  p  '^valuation . 

The  results  obtained  with  each  of  thes^  tech-  iq  .es  are  described  '--eicw, 

a,  Companscr:  cf  -^isterasg  Activity  cf  (■' .el  Cultures:  .►reviou'^  studies 
(Second  luarter.ly  .Hepert)  demonstrated  uhat  the  esterase  lev-.l  of  micro- 
erganisms  increased  .d'oring  the  vnricuE  phases  cf  -rewth  but,  thai  the  increase 
was  not  propert cnal  to  the  increase  in  ceil  numbers.  These  st-dies  were 
repeated  durin?  t.r.e  third  quarter  with  -Juitur-es  5,  lu  and  a  kerosene  water 
bcttc-n  culture.  The  -cultures  were  'rown  for  72  hcur.s  at  30*^0  on  the  shaKe 


nachine  on  TQI,  BH-ftiel  and  lartic  acid  salts  mediim  (appendix,  fonmila  F), 

Fifty  mis  of  sterile  JP-U  fuel  were  ovorlaj.d  on  the  media  for  each  of  the 

cultures. 

Figure  1  shows  the  esterase  activity  of  the  three  cultures  on  TOY  over¬ 
laid  with  fuel.  Figure  2  represents  the  esterase  activity  of  the  three 
cultures  cn  lactic  acid  medl\nn.  Figure  3  represents  the  e:.  rase  activity 
of  the  three  cultures  on  3H-fuel  nedlum. 

Samples  were  taken  for  total  viable  counts  each  time  esterase  assays 
were  run,  but  unfortunately,  due  to  contamination  of  the  dilution  nipettes 
the  results  were  lost.  A  generalization  can  be  made  however,  based  on  the 
turbidltv  of  the  cultures.  TOY  was  most  turbid,  lactate  was  next,  and  BH 
had  the  least  turbitiity,  indicating  that  most  growth  occurred  in  TOY,  then 
lactate,  then  BH.  Tliis  observation  agrees  with  the  esterase  levels  in  the 
three  different  media  where  10  fold  differences  in  enzyme  activity  were 
observed  between  each  of  the  3  media,  with  TGY  being  approximately  ICX)  fold 
better  than  B'i, 

The  one  important  observation  from  the  metabolism  standpoint  is  that 
fuel  organists  in  fuel-salts  medium  show  a  variable  esterase  response  during 
growth.  Nevertheless,  the  data  obtained  to  date  still  suggest  that  it  is 
possible  set-up  a  simple  test  to  indicate  the  various  levels  of  contamination 
in  fuel -water  samples.  When  more  infemation  is  available  about  the  levels 
of  contamination  associated  with  the  various  problems,  especially  corrocion, 
it  will  be  possible  tc  establish  criteria  for  'ndlcating  when  the  harmful 
level  of  microbial  growth  is  exceeded. 
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Mu  MOLES  EL'JOHESCEIM  X  lO-'l  15  MINUTE  REACTION  TIME 


Figure  2.  Esterase  Activity  of  Fuel  Organisms  Growing  or.  Formula  F 
Lactate  Fuel  Medium 


Wu  MOLES  FCLXDRESCEIN  XIO' 


Other  esterase  substrates,  l.e«,  Indoxyl acetate,  will  be  investigated 
during  the  next  quarter  to  determine  if  the  esterase  response  observed  with 
fluorescein  diacetato  is  a  peculiarity  of  the  substrate.  Indoxyl  acetate 
upon  hydrolysis  by  the  organism  forms  indoxyl  which  immediately  oxidizes  to 
an  insoluble  dimer,  indigo  blue*  This  substrata  has  been  employed  for 
histochemical  studies  and  deposits  indigo  blue  in  cells .  Whether  this  is 
time  witli  bacterial  cells  is  now  under  investigation. 
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b.  Tebrazolimn  Dye  Study;  Setreral  tetrazolium  salts  have  been  shown  to 
function  as  electron  acceptors  in  dehydrogenase  mediated  reactions^.  The 
reduced  dye  or  formazan  is  insoluble  in  water,  but  the  water  insoluble  for- 
mazan  can  be  extracted  into  organic  solvent,  producing  a  red  to  violet  color 
depending  on  the  particular  formazan  used.  The  formazan  absorbs  intensely 
over  a  large  part  of  the  visible  spectrum,  and  its  absorption  with  respect 
to  concentration  is  linear. 

The  enzymatic  formation  of  insoluble  formazans  appeared  to  be  ideally 
suited  for  use  in  the  jet  fuel  detection  problem.  If  bacteria  growing 
on  fuel  would  reduce  the  salt,  the  formazan  would  then  be  octracted  into  the 
fuel,  which  could  be  measured  colorimetrically.  Several  encperiments  designed 
to  test  this  hypothesis  are  described  in  the  next  section. 

Three  dyes  were  selected  to  be  tested  with  a  group  of  JP-li  isolates  and 
corrosion  organisms.  The  commercial  formazans  of  the  three  dyes,  and  the 
formazans  produced  by  chemical  reduction  with  sodium  hydrosulfite,  were  dis¬ 
solved  in  JP-U  and  scanned  spectrophotometrically  in  the  Zeiss  FMQ-2  spectro¬ 
photometer.  The  dyes  selected  were  MTT  Dimethyl  tiazolyl  1-2)  2,5 

Diphenyl  tetrazolium  bromide,  NTV  (Neotetrazolium  Violet),  and  NTC, 
(Neotetrazolium  chloride), 

MTT,  1,0  rag  per  ml  in  K2O,  was  reduced  with  sodium  hydrosulfite,  and  ex¬ 
tracted  with  3.0  ml  of  JP-U  fuel.  The  extracted  formazan  was  scanned  from 
UOO  inp,  to  600  T7*i,  The  results  are  shown  in  Figure  h.  The  peak  althovgh 
very  broad,  appears  to  lie  at  570  t+i.  A  similar  scan  was  run  with  NTV  for- 
mazaii,  concentration  0.5  mg  per  ml,  diluted  1:20,  and  extracted  into  3.0  ml 
of  JP-U.  The  results  are  also  shown  in  Figure  U.  NTC,  0.5  rag  per  ml  was 


Figure  4.  Adsorption  of  MTT,  MTV,  and  HTC  Formazans  in  JP-4  Fuel 
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WAVELENGTH  IN  MILLIMICRONS 


extracted  in  the  same  manner  into  a.O  ml  of  JP-a.  NTC  clearly  stowed  the 
broadest  peak  (Fjfpjre  a*). 

Of  ihe  three  formazans  tested,  MTT  appeared  to  be  the  -ost  easily  sie- 
tectable,  A  staridard  curv'e  of  tht  formazan  was  mn  at.  5'^0  mpi  frc.m  .'103  mg 
to  .050  mg  per  ml.  The  results  are  sb.own  in  Figure  5,  It  si.oulr  be  pc:;sih]p 
on  the  basis  of  this  curve  to  detect  5  mlcropTams  of  the  forr.azan  at  thus 
wavelength. 

To  test  the  ability  of  the  jet  fuel  organi.ems  to  reduce  HTT.  10  corn.t'sion 
organisms,  and  10  fuel  isolates  were  selected.  To  3.5  ml  samrles  of  3  week 
old  cultures  of  these  erganians  in  Dushnell-Haas  salts  media,  0,?  ml  MTT 
(10  ng  ner  ml  in  H^O)  was  added.  The  bacteria  -MTT  mixture  v;as  overlaid 
with  li.O  ml  cf  sterile  J; -h  fuel,  agitated  for  30  seconds  on  a  Vortex  mixer, 
and  allowed  to  stand  for  five  minutes.  A  control  containing  only  Bushnell- 
Haas  and  MTT  was  treated  in  the  same  manner.  A  0,3  ff’l  aliquot  of  the  ex¬ 
tracted  fomaza.n  vjas  diluted  to  3.0  ml  in  sterile  fijel,  and  the  absontion 
measured  at  570  m^.  The  results  are  shown  as  the  0  time  reading  in  Table 
1,  The  tubes  were  placed  on  the  rotating  apparatus  shrun  in  Figure  6,  and 
agitated  r-x  10  rpm.  Roacangs  were  made  at  3  hrs,  2h  hrs  and  .'y  nrs.  The 
results  are  shown  in  Table  j.  The  rates  of  reduction  varied  considerably 
among  the  varicus  organisms.  After  3  hrs,  there  was  rr ductir-r.  m  5C  percent 
of  the  sam  les  un;i  in  2i  hrs  there  was  reducti<^n  in  al  i.  b.,t  .no  cf  the 
sair.nles. 

Since  th.o  m-.-.. ’.lu; . cm  o''’  totrazclium  dye  reduct ' ''-n  mac  bo  assoc,  itod  with 
dehycrocon.'i.so  c ,  DPN  10  r.c  ner  "I  0,3  ml-  war,  addou  tc  the  d-'o.  All 

concent  rnt  nn  an-'  -  n'c^  inn'  core  os  drjcrih'' i  f'’ r  rr.,  f:  r:d  cor;‘r.  It 
v.’-as  obfor'/c-’  :  ■-  •  ■  .rif'.S'o.r'’  of  a  ' 'r.,;  r-'to .  i.c,,  suv  ’.m'o  i  c'ta*'' 


A8S0  I  ION  AT  }70  Mw 


Mno* 


005  010  015  030  025  OX  035  040  045  OX 

Mg.  WTT  FORMAZAN  PER  M  L 


Figure  5.  Concentration  Curve  of  MTT  Formazan  in  J  P-4  Fuel 
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TABLE 


HEnnCT'O’r  OF  BY  ?0  BA'T’^FJA 


Culture 

Adsorbancy  57( 

Time 

i 

0 

3  brs 

Ut  hrs 

8? 

.000 

.032 

.0? 

.126 

8B 

.000 

.01 

.012 

.025 

89 

,000 

.000 

.008 

.022 

?(J 

.000 

.000 

.002 

.010 

91 

,000 

.000 

.OOL 

.005 

92 

.000 

.000 

.002 

.00^4 

93 

.000 

.000 

.01 

.015 

9h 

.000 

,000 

.012 

.020 

95 

.000 

.002 

.002 

,002 

96 

.000 

.000 

.02 

.035 

h 

.000 

.000 

.O'X 

.CIO 

6 

,00r; 

.002 

.OOB 

.025 

p 

.OO'i 

.00? 

.005 

12 

.0:0 

.002 

*  -wrt 

.■X7 

15 

.000 

.002 

.Olii 

16 

.000 

.002 

.002 

.005 

23 

.000 

.000 

.002 

,00o 

2L 

.000 

.002 

.OOu 

.006 

25 

.  OuO 

.000 

,00a 

.006 

27 

*00u‘ 

.00^' 

.OlF 

.Oi 

Blank 

.000 

.0i_0 

!  .0-0 

1  .000 

etc.,  DPN  cometo:;  witf;  t‘.e  dye  for  availablr,  eloctrcns,  rather  than  acting 
as  a  trans;  ort  t;  tranafV-r  -- 1  f-c '  r  n,-  t'r-'  the  r-r.z'Tr.f-  tr  the  ftvf'. 

A  third  series  i  f  tetes  «--re  '-re:  ;red  in  tia;  s.'ir.o  ranra-r,  fr  thise  was 

adueu  i,3  iiil  of  K,fe( C,'.';  -  .  io  mr  ner-  n'.  ,  oy-  nr^  vae  nc  rad’ictirr 

j  c 

of  the  dro, 

Befcrc  testinr  the  red:':  * i  r.  if  iiTV  and  '"'f,  t,;.-;;  cf  extraction  cf 

their  forr,a7,ans  f  rr-F.  ■.-.Mter  vas  cc--  !red  viit"  t-'.-t  c ''7~  an  i  t''tra- 

zolinn  bine  di  *> r-iszar..  In  all  cases,  1,0  rl  of  t‘ e  I'or'azar, ,  C.n  r.p  mr  ~1 
was  pxtra''tod  into  h,0  nl  cf  sterile  JP— a.  Ti.e  resnits  irc  ahown  in  Table  2. 
NTV  fomazan  -was  the  TOst  eas.ly  extracted,  and  .‘-fTT  nonofcrr.azan  was  the 
second  nost  easily  c-x^racte-l  into  fuel. 

Because  of  the  ease  with  wl.ich  the  iVTV  fonnazan  was  extracted,  ari  exT'e-ri- 
ment  was  set  uv  to  test  the  abi., ity  cf  t.ie  bacteria  to  reduce  the  correspond- 
ing  dye.  O.l;  ;.l  of  the  dye,  0,5  r,g  per  r.l  was  added,  to  3.V  rti  of  the 
bacterial  suspcrsion  ir  Bishnnll'-Haar  nediiuri.  The  r.ixture  wa.-  overlaid  with 
li.O  nil  Ql  sterile  JP'ii.  Each  tube  was  agitated  for  30  seconds  fin  the  Vortex 
mixer  and  allowed  to  stand  five  -.inutcrs,  Tiie  resi.lis  were  negative.  After 
?li  l.'Urs,  there  viris  r.r-  rofti^ct  i-'n  of  the  dvr  n  any  of  tne  20  rultnrr:;. 
Therefore,  even  theurh  the  fernr-zar.  was  tine  rest  roadilv  cxtr^ieted  iy  nho 
fuel,  the  P"o*f  ria  viould  net  rednce  ’■ho  'b'---,  Secause  u  r~  no  ti  t  i 'I'n  '•'etw-  er. 
the  dye  and  op-t’cn  - n  *  ,  t'  -  -  *  s'  ■..I  ':  no  roT'-  ated  .n  the  absence 

of  cx;\f’o;i.  As  "I'lnt  -n:  :  ■  r  vi  -  si".  M'e  r  r--:uri‘  ■  ir-s"  by  >;■ 

are  reduerd  ;s  -  re  '  v  n-  -p  ^  'O' ro- 

,  and  i”,  ns  ay  e:  nne.r  nP  iitv  •  ;  ■_- 


the  ^tyes 


TABLE  2 


RATE  OF  FUEL  EXTRACTION  OF  5  P0flMA2ANS 


Formazan 

! 

Treatment 

Spontaneous 

i  With  Shaking 
!  for  30  sec. 

With  Shaking 
for  ?  win. 

With  Shaking 
for  30  min. 

TBD  (TetrazolivuB 
blue^  dlforBiazan) 

- 

- 

KTT  Mono  fornazan 

♦ 

•f 

•f 

t 

HTT  diformazan 

- 

> 

1 

NTV  formazan 

-M- 

+ 

i 

+•  i 

NTC  formazan 

♦ 

m 

+ 

-  i 

I 

I 

i 

i 


■  conplete,  very  rapid 

■  complete 
±  -  partial 


none 


were  sodium  lactate,  clyceraldehyde*3  rhosrh.p.te  an  i  scd-ur  pi;;'-.:.:  r,.i‘ 

A  second  set  of  tu- os  '’cnta  nod  DP';.  O.i  mp,  in  addjt;  n  no  i-unstraio. 
The  three  cultures  selecton'  w'  ro  prev:  o'isly  showr;  r-ai.  1;,  r-‘ ij!  ^  'TT 

and  irrc,  For^azan  oroduci  ion  was  measured  sriorrt  roor-i  r.r- rt  r '  oal  1  v  tn  c,, 

Zeiss  PMv-2,  hfTT  foir'.zan,  liTV  rcrmazan .  and  tTC  f-  rr.az'ic  nsro  :-eusjrod  a* 


vTO  515  arid  5.10  mii ,  respectively.  Tr.e  rea-: 


n  c'-:;c  : T  : •  ns  ana  re¬ 


sults  are  shown  in  Table  3. 

The  recluctii.'n  of  NTC  and  t’TV  appear  to  pro.cee-.i  r.;  r-.^  slowly  thaj;  MTT, 
However,  from  Fif^re  1,  the  naximum  absorbancy  cf  similar  concentrations  at 
thei’*  peak  vary  by  5  between  HTC  and  MTT,  Heduction  ■  f  MTT  in  the  presence 
of  the  three  dehydrogenase  substrates  was  significantly  cipher  than  :r.  iheir 
absence.  The  reduction  of  MTT  by  h?  was  decreased  with  succ:  r'.a'.e  an;:  lact  .-..^; 
in  the  presence  of  D?N'  and  increased  with  plyc'^raldehydn  l-pnos’ hate.  Vito  F-' 


the  activity  with  succir-ite  wa.s  the  same  as  the  activity 


plyecraldenvd':^ 


3-rhosphnte  and  hPN'.  Activities  with  were  vriaMe  cut  were  pr.itor  wit;; 
than  vii'*’ hoii^  substrate. 

The  data  indicate  that  MTT  is  more  desiratl-':  than  the  ct.h-  r  ive^  •■.stea. 
and,  t!  -at  in  the  presence  of  suitable  deny  ire, ■•enase  substrat  e.;;  is  r-*ad.*y 
reduced. 

Thus  far,  no  attemrt  has  been  made  to  luant-tato  the  res  .its.  hi-W'-ver 
the  averawe  cell  suspensions  container  a-  o rex .m.ately  10^'  ceil-  r  mi,  ‘u.ere- 
fore,  reiativel'-  low  levels  rf  bacterial  orowt.-  ca:.  :;e  aeteotou  ...  .m  •  rt 

by  t r  r'.o ii * 

IXirinp  t;;o  roxt  neriod,  exneriments  w:li  r  ■;  a-oj.  w:..c:  w.,;  •; 


.-t;-u:.  Al.. 


The  mixture  was  shaken  on  the  Vortex  mixer  for  30  seconds  and  allowed  to  incubate 
at  24®  for  30  minutes,  Aitor  incubation  the  formaian  was  extracted  into  the  Oiei 
vortex  nixing. 
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will  be  made  on  the  bacterial  cultures,  enabling  quantitat:on  of  the  dye  re¬ 


duction,  A  standard  curve  will  be 
optical  density  of  the  fornazan  to 


set  up  which  will  allow  the 
numl  re  of  bacteria  pret^ir;! 


conversion  of 
in  the  sar.ple. 


c„  COr,  Detection 

itT 

To  evaluate  further  the  measurement  of  CO2  and  producea  by  fuel 
grov.i  organisms,  a  series  of  three  studies  were  set  up.  These  were  gas 
generation  tubes,  shake  flasks  and  a  detection  train.  The  use  of  gas  generation 
tubes  was  previously  described  The  problem  cf  fuel  abscrptuon  by  t ne 

septa  was  overcome  by  the  use  of  Viton*  fuel-resistant  closures.  Using 
the  same  experimental  condition  described  earlier  ^  the  tubes,  containing 
13  ml  BH  medium  and  1  ml  fuel  overlay  were  inoculated  in  sets  of  h  with 
cultures  86,  89,  pO  and  92.  These  cultures  were  previously  shewn  to  be 
associated  with  corrosion.^  Each  tube  was  fitted  with  a  rainiatire  magnet 
so  that  the  contents  of  the  tubes  could  be  constantly  agitated.  After  12 
days  of  incubation  nc  gas  was  visible  in  any  of  the  tubes  cxcepi  for  a 
single  bubble  in  the  tubes  of  culture  92.  However,  growth  was  noted 
at  tne  fuel-medium  interface. 

In  the  second  study  leries,  using  shake  flasks,  water  bottom  cultures 
were  used.  Because  of  the  varied  population  and  previous  results  on  CC-, 
evolution  using  indicator  soda  lime,  these  cult^ixes  were  lonsidered  preferable 
to  single  cultures-  Those  used  were  a  Rjiuey  and  a  kerosene  water  bottom. 

The  tests  were  conducted  in  duplicate.  One  flask  contained  1,0  g/- L  NaHCO^ 
and  the  other  lacked  NaHCO^.  Each  2^0  ml  flask  contained  73  mis  of  Bushnsll- 
Haas  medium  overlaid  with  3nil3JP-ii  fuel,  and  was  capped  with  a  Teflon  covered 
rubber  stopper,  A  port  was  made  in  the  stopper  and  sealed  with  a  gas  tight 
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Vi  ton  closure.  Ten  mis  of  the  water  bottiMo  cultures  was  used  as  the  inoculum. 
Incubation  was  at  30*^C  on  a  rotary  shaker,  fiepeated,  periodic  samplings  were 
made  and  analyzed  by  gas  chromatographic  methods,  Nc  CCg  was  detected  in 
any  of  the  samples. 

The  third  series  of  studies  involved  use  of  a  reaction  train.  The  train 
consisted  of  a  carrier  gas  (CO2  free  oxi'^gen)  which  was  passed  through  a  tube 
with  drier! te  and  soda  lime  and  then  into  a  BaCOH)^  solution.  These  steps 
were  employed  to  insure  the  absence  of  CO^,  The  gas  then  passed  into  a 
reaction  vessel  containing  75  nils  Bushnell-Haas  medium,  10  mis  JP-u  fuel 
and  kerosene  water  bottom  inoculum,  10  mis.  Any  CO^  produced  by  microbial 
metabolism  was  carried  through  and  precipitated  as  the  carbonate  in  the 
second  Ba(0H)2  flask  following  the  reaction  vessel.  The  contents  were 
quantitatively  transferred  to  a  graduated  cylinder,  capped  with  2  gas  ports. 
Through  one,  an  excess  of  ^230^  was  added.  The  solution  was  vigorously 
shaken  and  the  gas  space  abo^/e  the  liquid  sampled.  No  CO2  was  detected  by 
gas  chromatography.  The  Ba(0H)2  flask  was  replaced  and  the  test  repeated 
after  a  precipitate  was  again  noted.  Although  previous  results  showed  CO2 
production,  no  CX)2  was  detected  In  any  of  the  described  procedures.  This 
could  not  readily  be  explained  especially  in  view  of  the  formation  of  pre¬ 
cipitate.  It  was  then  determined  that  any  CO^  found  would  be  soluble  in  the 
aqueous  phase  and  would  require  heating  to  drive  the  CO2  off.  This  was  com¬ 
plicated  by  the  fac"  that  heating  also  drove  off  lower  boiling  fractions  of 
fuel  which  were  carried  over  into  the  flasks  from  the  reaction  vessel.  The 
presence  of  volatile  fuel  fractions  and  steam  in  a  gas  sample  interferes  with 


the  gas  chromatographic  analysis.  Consideration  was  given  to  gravimetric 
determination  of  the  carbonate  fomed.  However  this  procedure  would  also 
be  fouled  by  fuel  carry  ever.  (See  figure  ?,) 

If  CO^  evolution  is  to  be  used  as  a  device  for  the  detection  of  con¬ 
tamination,  other  methods  of  detection  will  be  required.  Possible  areas 
will  include  respircwieti-y  over  extended  periods  of  time  or  chemical  methods 
other  than  those  described  above. 
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R75<n 


Figure  7. 


Reaction  Train  tor 


I^etectiun  of  CO^ 


d,  Qjygen  Consumption;  Polarographic  analysis  is  dependent  upon 

current  flow  in  a  solution  containing  oxidizable  or  reducible  substances. 

When  SPich  a  substance  is  electrolyzed  in  a  cell  containing  two  electrodes^ 

the  polarograph  automatically  records  the  plot  of  c'xrrent  versus  voltage. 

As  the  applied  potential  is  increased  from  0,  reduction  occurs  at  the  cathode, 

thus  causing  a  rapid  rise  in  current.  The  rapid  rise  in  current  is  called 

a  wave,  rnd  potential  at  the  midpoint  is  called  the  half-wave  potential, 

Ihe  half-wave  potential  is  characteristic  of  the  substance  being  reduced  in 

a  given  solution.  The  height  of  the  wave  is  proportional  to  concentration 

6 

of  the  material  in  solution  and  can  be  used  qiiantitatively  , 

Reduction  of  oxygen  at  the  cathode  in  an  acid  ineditan  occurs  in  two 
steps, 

(1)  Og  >  2e  >  2H*  _ 

(2)  H2O2  +  2e  +  2H'*' _ ^  2H2O 

Formation  of  hydrogen  peroxide  occurs  at  -0.05  V  in  solutions  pH  1-9. 
Conversion  of  hydrogen  peroxide  to  water  occurs  at  -0,8  V. 

This  technique  has  been  used,  during  this  quarter,  to  determine  changes 
in  oxygen  con'ontraticn  in  the  p  -esence  of  growing  bacterial  cultures.  A 
comparison  of  o^^gen  concentrations  of  three  cultures  was  considered.  These 
were  (1)  a  U8  hour  culture  of  89  in  Bushnell-Haas  fuel  medium,  (2)  a  13  hour 
kerosene  water  bottom  culture  in  Bushnell-Haas  fuel  medium,  and  (3)  a  kerosene 
water  bottom  from  the  original  stock  culture. 

Ihe  a8  ho’JT  cultures  were  obtained  by  transferring  10  mis  of  cuiture 
to  100  mis  of  BH,  plus  10  mis  of  sterile  JP-1  fuel  overlay.  The  cultures 


were  placed  on  a  New  Brunswick  shaker  at  30“C  incubated  hS  houi's  and  one 
ml  samples  removed  for  viable  plate  counts'^. 

Oxygen  concentration  in  each  culture  was  determined  using  an  "H-type" 
electrolysis  vessel.  Oie  half  of  the  cell  contained  6  mis  of  pH  6,7  buffer 
plus  1  ml  3. 252  M  glucose  in  buffer.  Ihe  remaining  ccmpartment  contained 
the  sat’irated  calomel  electrode.  The  oxygen  detector  consisted  of  micro¬ 
platinum  electrode  vibrating  at  a  frequency  of  7200  cycles  per  minute  and 
was  used  in  conjunction  with  the  Radiometer  polarimeter.  Prior  to  assay, 
background  current  was  recorded  as  a  function  of  time  over  a  10  minute  period 
at  a  potential  of  -0.65V  versus  saturated  calomel  electrode.  One  ml  of 
culture  was  then  added  to  the  half  cell  containing  substrate  and  the  decrease 
in  current  was  recorded  at  A  culture  of  E.  coli  grown  for  eight  hours 

in  buffered  Trypticase  Soy  pl'is  0,55^  glucose,  pH  6.7,  was  used  as  control 
"or  the  system. 

Oxygen  uptake  in  the  three  test  cultures  was  negligible.  Uptake  did 
occur  with  the  E.  coll  culture,  however,  as  indicated  by  a  drop  in  current 
from  1.635  lia  to  0,07  pa  in  35  minutes.  Ihe  viable  court  of  the  test  cuj^t'ires 
(6?  and  water  bottom  on  3H)  were  100  fold  lower  than  E.  coli  (Table  a).  It 
is  concluded  that  insufficient  numbers  of  cells  were  present  in  test  cultures 
to  determine  variations  in  oxygen  concentration  by  this  method,  Beoaune 
fuel  organisms  do  not  nonnally  get  much  higher  in  concenti  ation  than  observed 
here,  a  method  to  detect  this  Hw— .ber  is  critical.  Therefore,  if  oxyren 
consumption  is  to  be  used  for  detection,  other  techniques  such  as  manometric 
nethais  will  have  to  be  considered  because  the  polarographic  meth.od  is  not 


sensitive  erough. 


TABIE  h 


V^ABLE  COUNTS  OF  CULTORES  USED  IN  OrTGEN 


CONSUMF7ION  GTJDIES. 


Culture 

Number  of  Organism 

E,  coll  control 

3.ij  X  109 

li  X  10^^ 

§9 

2.0  X  lo”^ 

1.9  X  lo”^ 

li8  hr  kerosene  water 

Bottom 

6.0  X  10° 

5.1  X  10*^ 

Kerosene  water  bottom 

Stock- (not  transferred} 

*  No  growth  was  observed  on  plates  of  TOY  after  h  days  inr'icating 
that  less  than  10^  n’jnber/ml  were  present. 
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2.  Field  Kfetncjs  cf  L>eteotion 

a.  Pulae  !  cl ari 2a*w  GH!  T^t-  ci,J.ect,iVL  r.iil.se  r.  1  a,ri  z-at-ic n  sUiules  ir 
Iv  oeveitr  a  ■uetertirr,  r.etr.cc:  casea  rr-  cnanres  .r.  the  aciivatior;  polarizaticn 
cr*3Ta.c t-'C ri ^ l-i c w  cl  uuj  fc-i.tcux'ouc  dll  1  s u.  cy  Kki-U "oorp'sni.sirts • 

The  itec,:'ic;  ctjective  is  tc  observe  tne  electrcae  durir.jj  tne  very 
early  stages  of  polarization.  The  characteristics  cf  acutle  layer  capacity 
and  faradic  Impedarce  are  separated,  and  the  exchar:ge  torrent  and  Talel 
slopes  are  determined  for  various  degrees  cf  corrcsion.  The  unique  X-Y  Pulse 
Polarization  method  allows  one  to  observe  voltage  and  current  cf  the  electrcae 
imme Jiately  after  a  pulse  is  initiated  without  oisturbing  the  equilibrium  of 
the  system.  This  information  is  then  correlated  with  the  effect  that  micro¬ 
organisms  have  on  an  alumir.umi  strip  in  a  suitable  media  overlayed  with  jet 
fuel. 


Brief  Description  of  Experimental  Technique;  The  ele  trical  circuit 
is  schematically.'  shewn  in  Fig'ure  6,  This  circuit  is  so  designed  that  an 
aluminumi  electrcae  m.ay  be  subjected  to  anodic  or  cathodic  pclarazatjon  in 
the  form  cf  a  short  D-C  pulse.  The  potential  of  a  reference  or  nen  polarize^ 
aiixiliary  electrode  vs.  the  slur.inur.  electrode  is  mcnitored  on  an  oscilloscope. 
After  the  pulse  emerges  f  -cm.  the  pulse  generator  it  is  split,  into  two  paths. 

The  two  paths  are  es.^ertially  the  same,  with  the  -ell  resistance  small 
compared  to  voltage  across  the  cell  is  monitorec  on  the  vertical 

scale  of  the  osci 1 Ic scope .  Crdinarily  the  horizontal  scale  serves  as  a 
time  representation;  r.owever>  in  this  tecnnique  the  vcT  tage  across  R..^  is 
additionally  imposed  on  tne  horizontal  amplifier.  Tr.is  causes  the  position 
of  the  pulse  or  the  screen  tc  ce  displayed  ty  ar.  arxur.t  ecuivalert  tc  this 

tc  the  current  across  R  .t,.  .  Thus,  tne 


at 


voltage  which  is  ain.ctly  relatea 


Figure  3.  Schematic  of  Electronic  Circuit 


ry  i  mc-rx"  -i^  id\-r 

'.'orvos  can  :e  ottainea  for  ^'arrjo:i  jo 
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o  *-•  ’  f  r'm  m  e  n  t ;  me 


res-j^T.^^  :i,;a 


'■  r  a  ’ 


And  rfr  R«^l3t.icr.  t-C  CcrT'''”!^*'’  v-^,.  r-cp' T^-r 

aiiminiun  ;.n  certain  sulutions  w^re  constrictfa  >^s^nfe'  t-hio  trcr,:. i'.;i,',  ,  Ir.iiiaii.; 
the  follrwing  solutions  were  empic.yol 

(1)  todi'UT.  sulfate  in  whicr.  1 1  jr. i n'-jt  exn-.nits  lit  tle  cr  no  ccrrosion. 
{c')  r:OC!i’jm  chiorile  in  wticn  alunini-m  exJ'.ibtns  mccerate  corrosion 
or  ripid  c':- 'r.  r.o-.  c’.ci'.r  on  con r  .tion, 

f.;)  C'jpric  chloride  in  w;.i:n  aliinijn  exi'.iuits  rapid  corrosion. 

The  oorrosicn  rate  was  so  fast  in  ccppe.-'  ohlc»-iie  sol'.tions  that  it  was 
difficult  *c  obtain  results  of  any  sign  i^  icart  value,,  nuitner  tf'.an  use  these 
solutions  It  was  aeciaed  to  ust:  varicus  .loncentraticns  of  IlaCi. 

The  procedure  used  was  to  a;  n-Iy  a  pulse  of  varying  amplituae  to  the 
al'uminum  electrode,  ana  '  n'’“  ■'•■fcserve  tne  voltat'e-C’urrent.  behavior  at  tne 
electrode  and  to  also  observe  how  the  al'ujtinujn  eie.:trode  accepts  the  pctentiai 
applied. 

The  first  step  was  to  calibrat.e  tne  centimeter  displacement  on  the 
norizontal  axis  to  currert.  rr,.s  was  a :  c '.mp' .  sh-'d  r.y  passing  a  current 


acro^TS  the  Er^THT.,  (100  ohm  rscictor,  {  ;ee  -r.  ^  pvip  voltage  F  was 

LIM 


measured  in  the  vertical  direction  arc  thus  knowing  voltage  and  resistance 
the  displacement  ic  rela'ea  directly  tc  cu’-rent. 


►'  :  ‘  '  *■  ’  iw 


.  !  t:  :  ,  > 


-iter?"  "tirr^rt  V3.  Tcitare  ci-rv'^r:  w^tnir.  v  . -.  rr.j, -rcat-^c  r.-:;';  us*-j 
after  the  pulse  is  initiateu.  The  values  varied  with  the  various  Bcluticr: 
;•  the  rp;l-  ^:.e.  “  -'hr-S  fer  1  K  }Ui  SL  and  li.  c:jt-s  fci  v.l  Nall.}, 


The  vcltare  arc 


ssiutici:  resistarce  was  suctractfu  frur  eacn  cf  tne 


rreas’jred  rctcrtials.  The  resultant  potential,  wiiich  is  the  uoual  overpotentiai 
minus  chjac  ncl ari z-aticn,  is  here  referred  to  as  the  overpctential  and  giver, 
the  designation 


It  is  desirable  here  tc  separate  the  effects  cf  the  double  layer  ''apacitance 
from,  the  faradic  im.pedance.  cither  or  Loth  characteristics  may  be  altered 
by  the  change  in  corrcsiori  rates.  The  double  layer  charge  btgir.s  to  build 
as  the  potential  is  applied,  and  withdn  a  short  time  the  full  charge  is 
established  at  the  interface,  Tnis  effect  may  be  separated  from  the  faridic 
effect  by  measuring  the  slope  of  current  density-voltage  curve  as  T  approaches 
zero,  i.e.  as  equilibrium  is  reached.  When  this  value  becomes  constant,  the 
double  layer  is  established. 

For  the  purpose  of  this  discussion  it  is  desirable  to  compare  the 

characteristics  of  an  aluminum  electrode  in  IK  Na..,  SC,  and  O.IK  NaC] .  It  was 

U 

desirable  to  work  in  more  detail  with  two  particular  solutions  so  unat  the 

desired  chaj-ac teristics  could  be  distinctly  separated  for  a  m.cre  complete 

analysis.  Other  concentrations  of  NaCl  and  Na..SC  as  well  as  tar  water. 

^  a  - 

r,  and  sodium,  dichromate  were  investigated  also.  The  cell  was. 


u3 


distilled  wate 


-9 


■f’-ic"  ;  "a  oi  *::■  -  xl,,”'  cr;‘ 


rt-  ;  t.  r-^or-.  :  r,.',  . 


'.ne  iolj.ow2r;^ 


£  A  A  ^  i  A  'd 


^sta Gi.i5r^‘u  wiLGiG  10  nij  ;:-rc3eGGriCs  al'ler  tne  a^^se  was  ij;iMatvj.  :[:w9vcr^ 
for  tne  *,a  .j50i  ;oration^  the  doable  layer  had  r:ot  be--':,  est  :’t:i : eve- 
after  ?.)'J  microseconds,  A  n.unber  of  £  xi  la  nations  coulc  t'^  c:!-.-";. 
that  tne  bilKj'  and  less  electronegative  sulfate  ion  wc.uid  be  5lo:e>r  to 
ar-range  at  the  double  layer^  or  alternative!;^  *  he  aou^'^e  layer  recemes 
established  early  but  the  cap^ci t^mcn  is  changing  cue  tc  changes  i;'.  tne 
c'urface  of  the  aiumirum.  An  answer  to  this  question  may  be  deterrr. irr'd  wi*’h 
the  aid  of  c,  high  gain  preamplifier  for  the  tsciiloscope. 

Once  the  double  layer  is  established  the  raradic  impedance  is  the 
limiting  effect.  In  the  case  of  the  NaCl  solution  where  the  double  layer 
was  definitely  established  the  exchange  current,  i  can  be  calculanei  from 


the  re .ationshipr 


RT  f  1  ) 

nF  ri 


WTiere  i  is  the  current  passing  at  ti c  (equilibriun ),  R  is  tne  gas 
constant,  T  'he  absolute  tempera t..re,  n  the  number  of  electrons  involved  ir 


the  reaction  a.-.a  F  tne  Faranay  constant. 


4-.  •-* 


where  r  IS  tne  overretertiai,  arc  a  a-.d  b  are  ^'‘ns’br'.c.  ec^ab:: 

first  estabiisnec  erp  ricaliy  and  later  £iver  th'-"  r et .'.ca  1  Ir 

plots  shovr.  in  i’lr-ires  9  ani  10  tne  ever:  otential  is  cuff :  ci*' r.  .  iy  i  i'nt 
that  only  tne  anodic  (oxidation)  reaction  is  sipnificant,  tne  o;  c- inp 


reacticn  is  negligi!'. le.  Linear  portiens  are  notea  in  both  plot''  ■wit;,  slop- t 
of  0.18  for  tne  0,1  M  NaCl  systems  and  a  n^omber  of  slopes  for  tr*''  1.0  M 
Ka„S0j  solution. 

Discussion  of  the  Results;  --ased  on  the  experimental  wotk  oone  ir 
pui"e  polaritatior  '.nvestigations  it  •..•■ic  observed  that  there  ire  thro-  XiCitrc- 
cr.enical  -naracteristics  of  the  polarisation  behavior,  any  one  of  wtii.;.-, 
furnish  basis  for  a  detection  method.  These  'ire: 
fj)  The  double  layer  capacitance 
(2)  The  exchange  curn-nt 


(3)  Ibe  Tafel  slope 

7p  to  tne  present  time  consiaerati  on  ha;  or,*;/  been  given 
rolari  cation.  Catr.odic  polarization,  whiicn  '^cilc  involve  the 
volTare  reaction,  will  be  included  :n  further  '^nvestigatior. 
double  the  nimber  of  sensitive  param'^ters  -which  r.;p:.*  r  •' 


to 


nv.’.r 


•pV-  -  r-  .  ...•  1  •( 

i,  -  .  i  .h-  f9  •  .4 
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Figure  9.  Anoflic  Pulse  Polanzatum  '.A  Aluniiriun!  All  y  7075  iii  1  0  M  ^hir 
S(.Kiiuni  Sulfate 


Fi^rt  10,  An /dif  I'ulst  !’■  lai  iz.U 
M'.'Iar  Sij  hun.  C;l1  .  ri  n 


3»  Carrosio-.  Studios 


I.  Scrf-cu ..n,'  or  Stock  nurtures 


Ix>nr  terr.  corrosion  f^+ud-' p?  verr  during  the  cecorid  qunrlei  a..d  three 

lonr  terr.  studies  -e  tcco.'.rlis^'ed  duinnr  this  qaarter.  The  iirst  stuay  was 

dirf‘t'*f  -r  'j"  ~r  n  '.ur  rt'ck  colltct'or;  wr  ic:.  'uLr:  -  ce  ’nv'''!vec: 

:c  r"-' "  1 .  r.  .v:  t:.:.  to;,  ol---  fornation.  I'nt  rcccn..  stydy  e:-:tlortd  the 
r.  t  '■  ■  "  ■''-rysr'rt  ut.d  sTucT'-  romutlv-ui.  The  laird  .-T.iiny  px^itinpc 

‘te  '  v  :  '  .^tt  :  ■  ts  on  the  corrosion  "rocess  and  the  rrov;ti';  oi  fuel 


A'  tt' 


tns  ie  m  screen  urrmisns  for  ti’eir  ability  to  nrocuce  or 


'■■-v-eU'r--.to  •.xrtcsicn.  Ti.is  st-;dv  required,  iaeally,  the  use  of  a  rrovrth  ned^  an 


o:  vttlch  neither  inhibit  nor  cttalyne  the  corrosion  of  aianinun 


tiio:,-. 

[>rr:n~  the  course  cf  this  investig' tion,  the  Bushnell-I’aas  nedium  has 
seen  osed  extensively  for  the  cultivation  of  fuel  or-'nnisns,  but  the  effect 
of  this  ncoiun  or.  the  corrosion  process  had  not  been  critically  evaluated, 

A  T'rcl'.ryi nary  study  of  t.he  effect  of  Dushnell-H' t nediun  or  aluminum 


strewed  t'uy 


'■sicn  is  inhibited  by  t‘ e  whole  3;i  (nitrate  cont ai nine )  nodiurt, 


b’V  ; -.c  tei^r  y.  V  : .  or  c'i*al,t“:ed,  by  certain  di-  and  tri -valent  ions  of  the 
.-.e  ii"  in  *;.c  ■  rse-ce  of  nitrate  icn.  This  observation  suggests  ono  of  n.a.ny 
re....5ons  tor  th*-?  iUCr;  of  concurrence  anonr  investifators  reg  irdin  '  the  neaninp 
•a-.d  1,.  ort  "•'c  jt'  -.i-roii  ,1  yrowth  to  corrosion  in  f uel-v.’ater-alur.inur;  systons. 


.n  *  re  a;::  en'r-e  o- 


’ciur..  otr.er  than  i";shnell-!;a.as  capable-  of  su:r'ort:ng 


n-'  tne  vi+anin  and  carbor.yiirat e  impoverished 


a.-e  systr 


the  dec:  si -in  was  -"ea'-ie  -atteny.  tc 


'■-U’rosi'in  :  rocucec  .y  nirr  ‘c-iree  urr  ne  i 


-a-j ’-or’,  hvl  rrovrt-T- 


1 


icrpt"'.’  n?  O' 


'  ^  ."'cr'k  cul*  .r<?5  '"iG.iPvpi  tf,  be  invclved  ir.  th;?  rc-rrosicr: 


process  was  acccTioi  Lshed  hy  rrcwir.j  cr='aris!ns  ir  the  nitra  :.e-f  ree  medium  In 
the  presence  cf  e  then  alley  70"^^  cr  202ii . 

Ohservaticne  of  test  and  control  flasks  were  made  after  four  W’^eks  cf 
'  nc;--';:.  ic  r.  -t  ".Sz,  As  wa.  rxpecte-i,  AS  cut  r:  -A  ccr.'.-rtl  rtr'po  cf  'he 
alley  were  cerreries  ,  but  asi  o-;  strips  cf  this  ailcy  iaced  in  grew.::?’  cultures 
were  cerrc.ded,  Cn  alley  uOlu  ccrrosion  cccurreh  cn  72  cf  the  tlrips  nlac-?-^ 

'i'n  r' cuiVcir'cii ^  s-n-d  cf*  ^7'  ccrrt  rcl  st-Fu'-s  oT  "I'ri-if  wufg  cerre-'^'-  ) 

Aitheu  ;h  these  experiments  did  net  aefinitely  demonstrate  the  role  cf 
microbes  in  the  corrosion  process,  two  important  pieces  cf  information  were 
obtained;  (1)  cn  ?02h  alley  much  mere  corrosicn  occurs  with  organisms  than 
is  found  in  controls,  and  >2)  much  more  corresior.  occurs  cn  Vj?-'  alley  than 
occurs  on  20?ii  alley.  The  latter  findin;-^  is  in  disa-'reenent  with,  our  previous 
results,  but  a  si-iilsr  o'''3ervaticn  has  also  been  found  by  Sheldon  London  at 
Wr ight-Patterson,  and  may  be  due  to  the  thickness  of  the  aluminum.  In  cur 
previous  experiments  the  thickness  cf  the  7075  alloy  was  50  mil,  whereas 
in  the  present  experiments,  12  mil  alley  was  used. 


2.  Metallurgical  axamination  of  Corroaed  Aluminum  Alloys 
Because  the  above  results  with  corrosion  of  7075  snd  ?02li  disagree  with 
cur  previous  findings  it  was  decided  to  deterrnine  if  the  increased  susc-^rtlhl ii 
of  the  new  7075  was  due  to  thickness,  hardness  or  structure. 

A  rnetai lurgi cal  rxatnina t, ion  of  certain  corroded  specimen?  was  nade  tc 
account  for  differences  in  behavior  in  what  was  considered  to  be  sin.ilar 


material,  daruness 

measurements  were  made 

on  the  ai 

leys 

in  ^ i. *  1, 

cress  sections  were  examined  for  possible  differences 

in 

microstructune.,  .At 

this  time  the  hardne 

53  measurements  can  be 

reported. 

the 

metailographic  cro: 

section  examination 

is  still  in  progress. 

Following  are  typical  values 

obtained : 

Samnle 

Alloy 

Thickness 

Hardness* 

1 

7075 

0.050'* 

153 

h 

7075 

0 ,01?" 

66 

7 

2021* 

0,012" 

110.6 

5 

7075 

0.012" 

75.6 

3 

7075 

O.05O" 

150,5 

9 

2021* 

0,020'' 

116,2 

6 

7075 

0.012" 

=0.8 

2 

7075 

0.050" 

152.9 

♦Average  value  of  Knoop  hardness  (150  g.  weight) 


The  0.05c  inch  thick  aluminum  had  an  average  value  of  152  as  ccmpared 
with  7L  for  the  0.012  inch  sections.  The  observation  has  been  made  that  the 
0.012  inch  strip  corroded  at  a  more  rapid  rate.  This  su-^’ests  that  the  thinner 
strip  was  subjected  tc  some  heat  treatment  that  resulted  in  precipitated  fieccnd 


pha3cs  :n  a  ^ross  m-inner.  r:;i  s  t;-T;e  of  rreciyitate  has  t  radi  ti on -illy  jT-eli.' 
alloys  nore  susceptirle  to  corrosion  i'ld  is  particularly  noticeable  with 
alloys  that  contain  seconc  rhascs  nore  cat^ouic  then  the  natri^:,  ;.nother 
cor-elalion  is  suooestcd  but  a;  ;  arc-itly  is  not  the  correct  '’ne ,  ?:  i  o 

would  involve  tnc  cori’elation  .roncss  wile;-  in  f:m  :o  oo--  •  '  ' 


internal  stress  known  to  ■•crelerate  corrosion, 


:r  aa.-ov 


^  ^  ^.,1 C  L'l,  TG  W''  "X'c  tC'^  ■’ i  G  ^  ^  ••  10  r'o  * 

rate.  ?:.is  rvl-.ti.-'siii:'  does  "ot  r.old  in  the  "resent  instance,  it  is 
ti’-vt  ti.e  r.icroscopic  examination  ci  cross  sections  ’.rill  allo’^  a  i  etter 


interpretation  and  correlition  of  the  be!,<avior  of  these  allo’/s. 


3 .  Gr ~tfth  and  Ccrroslcr  ir  r«?icnizedfi  and  gjatilled  Water 
The  ob^i?ctlV0  of  the<?®  f*T,peri!?!er.:o  was  tc  <TeWr"iire  if  gprcwT/n  coul'^  occur 
in  distilled  and  deicnize'-  water,  and  to  -’eter-nire  if  this  i^rcwth  was  associated 


with  corrcsior.  Ter  cult. res  frc-^-  'eli-ar  stocks  were  ..sf 


rr  * 


\  n  ad"!  ’  r  n  tc  it 


^  -In  , 


,  les  .ix'cvibrlc  :ies  -Ix'-.-ricans  ,  roe  . "one ' 


aerU:tipcsa ,  tia  icspcri!  t  res ir.ae,  r.spurgi.Lxu.s  Mi.^er,  receive'"  xr 


‘■t""—  C-y-c-T-.-  X 


vnar.ir-^.  ore 


for  preparaticr;  cf  ccntrcl  a;;a  test  flasks  war  as 


inmcotei  in  the  or-. 


.n.e  xcn.c  tern  studies,  except  that  distilled  or  deicnii^^d 


water  was  sjhstituted  for  the  3K-ninus  nitrate  nedium.  /'.Iso,  a  ccnoosite  nixed 
coltura  cc-ntesed  cf  five  nls  from  eacn  of  the  four  General  D:,Tiami  cs  cultures 
was  included.  Test  and  ccntrcl  cultures  were  incubated  at  3C'"C  cn  a  shake 
machine . 

Cerr^sien  occurred  in  dsirnized  and  distilled  water  in  ''Cth  the  water 
and  vapor  phases  after  only  ^  days  'Table  b) .  Aithc-ih  controls  aisc  showed 
corrosion  at  this  time,  none  were  pitted,  whereas  sma^l  pits  were  detentahle 
in  the  test  flasks. 

The  10  eorrcsicn  cultures,  four  General  dynamics  c^li-res  ana  one  nixed 
culture  cf  the  four  General  Dynamics  cult.ixres,  were  again  inoculated  ir. 
distilled  and  deionized  water,  cve-laid  with  JP-h,  and  placed  cr,  an  incubator 
shaker.  Examination  after  2L  hours  revealed  corrosion^  as  indicated  t  ,'  iis- 
coloration  of  the  ailo^had  occurred  in  six  of  the  10  corros' on  cultures  in 
deionized ’water  i-’d  seven  of  the  10  in  disti’lac  water.  Actual  pittinr  had  not 
occurred  ’n  any  of  tne  Meipar  organisms  while  distinct  pits  were  visible 
strips  placed  in  cultures  from  General  Dynamics,  i.e..  S'"',  lOO,  101,  iOf  and 
the  mixed  culture  '  Table  7). 


»Deicnized  e>  ;.:t  i.ied  water  her--  refers  tc  water  treated  b-'  passa^'v  ever  an 
ion-exchange  resin  cr  distillen  to  which  organisms  suspende"’  in  .’rtwth  ned^a 


were  anc^o. 


+  -  discolorat-icn  cf  allc/ 

-  *•  negative 

+  p  =  ccrrcsion 


Tc  deter'nive  if  ccil'^  be  correl/ito'^  vr  t”.  r-i'*,;'’,  vi '  1  > 

cc  '.^'ts  we''e  >.  ,  V:  a^ar,  a  ■  a  potatc  '^exircse  apar.  Re’ re.ef'nt  .*  i  ve 

M“laar  ccrrrsic.a  c;.  f’lrea  'nere  a*ac  alaleb.  Affer  '■'  he  .  r.  ^  <.’\: 

^  .  j.  1  -reii  •  :.  ■  ■  ’.e  ■. .  xe  ■  c  -  r>‘  ;  '  c  w"  ’  i  rc  .  ■  r-^ .  .  ■  •■  -t  ■  ■  '  ■  '  ■  a 

Q  T^c*  V  ■  *  ^  C'  ^  j.  r*t?  *  ^  j  Pi  *  ‘  'I  b  k/  r  i  ''j  -i.  » '  c  P'  vj  i A.  c  ’  .  ^  p  r*  '.^  lt  '^  -.'  p ^  x  * .. ' 

ic  x.p'  X  lU"*  in  le-':!  water,  •••  r.  J  i' x  lO-  tr  x  .*  r ^ - 

wstsr*  The  DCP^ulsttcr-  c  T  the  ^.ixoh  ctlt  '.r'”'  i rr^"""  ^  ~  e  -.i  i. » T  ;: 
10^  in  distilled  wate-,  and  froin  i.i  x  lO?  ic  x  10'^  I’l  denr.  ixe-  leri 
Ciiltures  99,  9b,  13J,  and  101  were  ’/i.able  ir,  bcih  le  onixed  and  dis',  . 
water  for  Ih  hours.  No  viable  ceils  were  present,  in  inese  cul’-,.res  ■  ft-'r 
9b  hours.  As  expected,  culture  102,  i.e.,  I eSulf cvibric  desulf ■^.ricans ,  was 
viable  in  TGf  initially,  but  no  ,^rowth  was  noted  after  2u  hours.  5:r.o"  c:xyxer. 
IS  toxic  to  this  or-Tanis’H  further  atteipts  to  determine  r.inbers  present  ’were 
conducted  anaerobically  in  Sharnley's  agar,  A?rar  ciluticn  tubes  of  this 
or?anisn  were  also  prepared  by  transferring  i  ’nl  of  the  appropriate  diiuticr, 
tc  9  nils  of  Sharpley's  agar.  Anaerobic  cenditiens  .-ere  na; ntai  r-c’  pv  f.f 


♦Since  cultures  99  and  100  are  fur.51^  these  were  net  plated  in  TGY 
♦  Cultures  ^9,  100,  101  and  102  were  obtained  frcn  Or.  9.  G.  -'edricK  at  General 
Dynamies,  Fcrt  Worth;  Texas 


The  nixed  culture  consisted  of  cultures  99,  100,  101.  and  102. 
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Short  Ten*:  Ccrrogion  St^jdieg 

Duriiig  the  thlixi  quarter  studies  included  the  effect  of  (1)  t-hin  agar 
film.'  ccnta:  ning  viable  and  ncnviabic  or  frraj.i  stlS  r  n  c':'rrosi''n,  (?) 

effect  of  heavy  cell  concentrations  cn  Mylar  tane,  aimi  '  })  ;  hI  f  i-rrll 
o  ort  term  corrua^i^'i*  studies  were  cbser'.’ed  daily  for  1  wee,-  ,  wit'r.  fintl  obser- 
vatucr.s  at  th.p  end  cf  weeks.  Ten  corrosion  organises  used  t'r  rcuc' out  these 
studies  were  c'- csen  or:  the  basis  o*'  results  obser'vnd  durinp  tne  seccnc  cuarter. 

a  ,  T- in  Agar  Ftlr.  Studies:  '.NT-en  eroeriments  were  conducted  with  alur.imir 
alloy  snuares  and  TOY  agar,  during  the  second  quarter,  corrosion  occurred  nost 
often  in  plates  wt.ere  the  agar  layer  was  cuite  thin,  5tu  ;ies  were  conducted, 
during  tne  third  quarter,  in  which  squares  of  each  alloy  were  covered  with 
thin  layers  of  heavily  inoculated  agar,  -ioth  viable  and  autoclave  killed 
cultures  of  10  corrosion  organisms  were  used  in  this  study, 

T:  in  '.ayers  of  heavily  inoculated  agar  were  prepared  on  both  ^075  and  202L 
aluminum  squares  as  follows.  Cultures  of  each  organism  were  obtained  by  trans¬ 
ferring  5  mis  of  the  appropriate  culture  to  mis  of  TOY  broth  followed  by 
incubation  or.  a  New  Brunswick  shaker  a.  30°C.  After  U'"  hours  incubation  each 
culture  was  transferred  to  5C  r.ls  of  warm  TOY  cortairang  30  :’‘'^'ns  of  agar  per 
liter.  Alcohol  flame  sterilised  squares  of  eqnh  alloy  were  immersed  in  the 
agar-cell  Solution,  arained  and  placed  in  shr-rile  glass  petri  dishes.  Since 
dryness  hal‘s  th-c  ccrrr'sicn  process,  1  r.l  of  sterile  distilled  water  was  added 
to  each  dish.  In  a  rimilar  exT'erimen*  conducted  in  HH  minus  nitrace  fuel  medium 
sterile  •'Pm  was  substituted  for  distilled  water.  Ten*  and  control  dates  in 


incubated  at  30  C, 


both  media  were 


was  detected.  Further  study  of'  the  drop  technique  as  a  rapid  corrosion  method 


was  conctucted  in  the  third  quarter  with  two  thicknesses  of  aluminized  Ffylsr 
tape-'  and  heav,'  cell  concentrations.  Heav'a’-  cel^  cor.ceritrations  of  ten  corrosi'^n 
orcanirm^s  used  * ' ‘»so  errerir.or.ts  ver*.*  o’otained  oy  grtwioR  the  cells 
hours  in  flasV.s  cor. Lain; rrls  of  '"Gf  brcth  and  c .ncentrati tre  resuJtanh 
cel -,’5  by  oer.  tri.  f  US'S  tier .  ^  ne  dr-tr  of  cells  was  then  placed  on  ultraviolet 

stenJized  scares  of  .Vylar  tape  covered  with  0. '0005  and  0  001  in.  thicknesses 
of  aiur.i n’.ir.  contained  in  sterile  t'la  s  petri  plates.  Sterile  TGY  broth  was 
osec  c;.  five  c  ;r.tr',  ]  squares  cf  eac..  t:  icKness;  botr.  test  and  control  souares 
were  covered  with  5  r.ls  of  sterile  JP-h  fuel  and  incubated  at  30°C,  C’oservati ons 
were  made  daii/  for  twe  weeks. 

Altbougr  the  alumirram  film  was  removed  under  the  drops  of  liquid  on  the 
thinner  .aliimin.ir.ed  My.';ar  no  differences  were  observed  between  control  (no 
bacteria)  and  the  test  samples. 


*  Obtained  from  Gomar  .'■'anufac  turzig  Cc., 


linden,  N.  J. 


Half  Ceil  Studies 


Half  cell  studies  were  initiated,  durin.^  the  seconc  quarter,  tc  determine 
the  effect  cf  different  redox  ootertials  in  each  ride  rf  an  H-Ce^l  cn 
and  ?02h  allti's.  These  studies  were  established  in  hope  that  r.  correlation 
between  rate  and  pattern  c!  corrosion  and  differences  in  pcientiiis  nrcduced 
by  screwing  miercorf^anisms  might  apoear.  Although  preliminary  data  indicates 
that  valuable  clues  tc  the  rit'ure  of  the  corrcsicn  prccecs  can  be  cbtained 
through  half  ceil  studies,  many  difficultiec  have  been  en countered  od th  this 
me,thod  during  the  third  quarter,  .be  use  cf  cellophane  dialysis  sacs  tc 
prevent  contamination  of  the  uninoculated  half  cell  by  bacteria  pa-sing  threush 
the  fritted  .dlass  filter  dividing  the  two  half  ceils  was  unsuccessful  since 
the  I3K  salts  and  fuei  could  net  be  maintained  in  both  half  ceils  at  the  same 
level  after  autoclaving.  The  imbalance  in  liquids  prevented  reliable  measure¬ 
ment  of  potential  differences  in  each  of  the  half  cells.  Although  this  difficulty 
W3S  alleviated  by  using  3H  agar  as  a  salt  bridge,  further  problems  have  been 
encountered  in  line  voltage  current  supply  tc  the  laboratory  area  in  winch  these 
studies  are  conducted.  Although  overall  results  obtained  during  this  period 
indicate  an  increase  in  potential  is  occurring,  day  tc  day  readings  have  been 
erratic  and  unrepredu iible , 

Since  the  3.  salts  caused  deviations  in  the  potentials  between  the  aluminum 
stm-s,  .t  was  decided  tc  -’rew  the  ienertii  r-j’nami''s  culture  cf  bes  Ifcvibrio 
iesiu-funcans  ?°  r.:urs  t^fere  iroculiticn  c:  '^-C'lls,  the  cells  were  washed 
three  times  in  isti  i  r.  ize  :  w-.t‘'r  an-'  r  .aced  cr.  cne  side  cf  the  H-cells 

w'lch  ccntacned  ":eicni2ed  and  cistiile*^  water  with  a  fc,'',  ovorlav. 
pctential  rii f ferenc-:  between  tb*’  half  cells  wan  mea;;..rp'^  nrurlr  fer  tb-‘  fir'st 
u  ncurs  ant  ‘^verv  ,u  bears  ‘  b*-- neaf  ter  f  c  r  '?  bears,  .h-  n  s  ar^  -^bewt  :n 


Figure  11,  Iraaedlatelj  there  »«is  an  increase  in  the  negative  potential  indicating 
a  reduction  cn  the  inoculated  side  of  the  h-cell.  It  was  then  noticed  that 
the  potential  slowly  went  frcn  negative  to  positive.  This  charge  in  ociaritv 
indicates  that  an  oxidation  cf  the  aiuninitra  ( ccrrcsion)  j  occurred  cn  the  inocu¬ 
lated  side  cf  the  cell. 

The  control  ceils^  containing  no  culture* likewise  increased  in  negative 
potential  and  then  developed  a  very  constant  potential  both  in  the  deionized 
and  distilled  water.  Since  the  initial  potential  increase  occurred  in  the 
reaction  ceil  as  wcxl  as  the  control,  this  could  be  a  phenomenon  peculiar 
to  this  type  of  cell  and  not  a  picture  of  the  overall  oxidation  reaction.  The 
graph  in  Figure  11  represents  a  rear  average  of  (II4)  H^cells,  half  with  distilled 
water  and  the  other  half  containing  deionized  water.  Beth  sides  of  all  cells 
contained  aluminum  alloy  bar  20?U  connected  by  a  distilled  or  deionized  water- 
agar  bridge.  It  appears  that  the  race  of  corrosion  or  oxidation  is  greater 
in  those  cells  containing  distilled  water. 

Further  study  of  the  corrosion  process  by  half  cell  experimentaticn  is 
planned  for  the  next  menth;  a  cult..re  received  from  General  Dynamics  and 
identified  as  Desulfovibrio  desulfurlcans  will  be  used.  Pitting  corrosion  was 
noted  on  bars  of  707 i  and  2021  aluminum  alloy  placed  in  distilled  and  deionized 
water  cultures  of  this  organism  after  2li  hours.  In  future  studies  the  effect 
cf  changes  in  potential  cn  the  corrosion  process  caused  by  high  cell 
concentrations  of  this  organism  in  distilled  water  will  be  Investigated, 
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6,  Corrosion  and  Hydrogenase 

Studies  of  the  corrosion  mechanisms  and  hjrdrogenase  enzyme  activity  during 

the  third  "uarter  have  centered  or.  five  gas  producing  organisms  isolated  and 

assayed  quantitatively  for  hydrogenase  activity  during  the  second  quarter, 

Irrvestigation  of  these  crganlsns,  i.e,,  38,  89,  90  ,  92,  and  28,  during  the 

third  quarter,  has  included  duplication  of  previous  results,^  in  addition 

to  determiring  the  efffect  of  nitrate  on  hydrogenase  activity. 

Since  nitrate  ion  has  been  reported  as  an  irJiibitor  of  the  hydrogenase 

8 

enzyme  system  in  the  colon-aerogenes  bacteria  ,  the  effect  of  this  ion  on 

hydrogenase  activity  of  fuel  isolates  was  investigated.  Three  media,  i.e., 

TOY,  plus  2  gram  of  ammonium  nitrate  per  liter,  and  TOY  plus  3  grams  of 

ammonium  nitrate  per  liter  were  prepared  and  100  ml  q  :antities  dispensed  in 

250  ml  flasks.  The  desired  culture  plus  a  positive  E,  coll  control  culture 

was  then  gmvm  anaerobically  for  2h  hours  at  30°C,  A  five  ml  inoculum  was 

tranf-ferred  identical  media,  and  the  new  cultures  incubated  for  2k  hours. 

Cells  were  then  harvested  and  quantitative  determination  of  hydrogenase  activity 

7 

was  determined  by  the  Warburg  technloue  .  Results  of  these  assays  on  three 
organisms  in  3  media  are  presented  in  Table  10.  Assay  of  the  remaining 
cultures  has  been  slowed  considerably  due  to  mechanical  difficulties.  These 
studies  are  continuing  and  will  be  reported  in  the  next  quarter. 

The  results  presented  in  Table  10  show  that  all.  three  cultures  possess 
hydrogenase  en?yme  activity  when  grown  in  TGY  medium,  thus  indicating  that  the 
cultures  are  capable  of  utilizing  molecular  hydrogen.  However  in  the  presence 
of  nitrate  (2g/liter,  twice  that  employed  in  the  dH  medium)  a  suppression  of 


6? 


formation  is  obvious.  With  three  times  the  concentration  of  nitrate 
used  in  the  BH  medium,  no  hydrogenase  enzyme  was  formed.  The  importance  of 
this  phenononon  to  the  corrosion  process,  in  the  light  of  the  nitrate  inhibition 
of  corrosion  in  the  absence  of  -licrobea,  is  not  known  at  this  time. 
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TtBIS  10 


QUANTITATIVE  DETEIWIUMION  OF  THE  EFFECT 
OF  NITRATE  ON  HTDROOENASE  ACTIVITY 


Culture 

Ammonium  Nitrate 
grans AOO  nils 

TGI  Growth  Mediun 

uIH^  utiUzedAr.xlO'^/cell 

E,  coll 

0 

50.2 

68 

0 

57.7 

88 

0 

U3.9 

88 

0.2 

6.59 

88 

0.2 

0. 

88 

0.3 

0. 

88 

0.3 

E.  coll 

0 

ii2.5 

89 

0 

7.8 

89 

0 

8.1i 

89 

0.2 

0 

89 

0.2 

0 

Ro 

/ 

0.3 

0 

89 

0.3 

0 

90 

0 

U7.6 

X) 

0 

38.1 

90 

0.2 

l.lii 

90 

0.? 

2.83 

90 
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C.  Water  Bottom  Studies 

Durinr  t;.e  first  and  second  quarter,  wat.er  Ixittom.  stvi dies  were 
initiated  to  establish  (!'  a  bas:  s  for  understap'tir^  r.a^cr  ecolo;'’:c3i 
phenomenon  occurTinf:  in  fuel^water-metai  oysters,  (2)  a  basis  tor  under- 
F.tandinr  environmental  and  bicchenical  activiti^-n  of  Fr;icrr;nrran' s--  as 
related  to  ccrrcsicn,  ano  fj;  ci-ins  that  can  be  expanded  into  methods  for 
preventing  deteriorative  activity.  These  investigations  were  desirned 
around  two  ecology  studies  in  which,  major  chemical  and  bacterial  porulatior. 
changes  in  the  fuel-water  system  were  followed.  The  objective  of  these 
studies  is  to  determine  the  time  required  for  OTgrcen  to  become  depleted 
and  CC^  't'O  build  up  duidng  growth  in  a  fuel-water  erivironmient  in  a  closed 
system.  This  infomation  is  needed  for  an  understanding  of  the  metabolism 
of  the  organisms  for  the  detection  and  .mechanism  studies. 

1.  Oxygen  Concentration 

A  commercial  polaroeraohic  oxygen  analyzer,  manufactured  by 
Beckman  Instruments,  Inc..,  has  become  availatle  recently,  for  measurement 
of  0^  concentration  of  liquids,,  The  sensor  unit  of  this  instrument  utilizes 
a  silver  anode  and  a  gold  cathode  separated  from  the  sample  by  a  Tefloii 
membrane.  The  electrolyte  is  a  cellulose-base  hOl  gel.  A  built  in 
thermistor  Insures  against  temperature  sensitivity,  allowing  measui'ement 


over  a  1-  to 


ran.'e,  v.mth  less  than  +3^  error.  The  'unit  can  be 


rapidly  recharged  thus  makiir--  repn' 'ur ;  hie  measurements  possible. 
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Osy^en  analyses  were  conducted  as  follows,  A  Beckman  'HI  Oxygen 
Analyzer  was  coniiected  to  a  Leeds  and  Northrup  recorder  unit  throuph  a 
small  circuit  thus  allowing  expansion  of  any  section  of  the  analyzer 
scale  on  the  recorder. 

Since  an  adequate  flow  rate  past  oxygen  sensor  was  net  obtained 

in  the  small  system  utilized  throughout  these  experiments,  it  was 

necessary  to  run  a  calibration  curve  for  oxygen  in  water,  correlating  the 

percentage  scale  on  the  Bec'^man  Oxygen  Analyzer  with  parts  p-r  million 

9 

by  Winkler  titration  ,  In  a  Winkler  titration  the  mar^anous  oxide  is 
acidified  in  the  presence  cf  iodine  ion,  resulting  in  liberation  of  one 
mole  of  iodine  for  each  mole  of  oxygen  utilized.  The  quantity  of  iodine 
liberated  is  determined  by  titration  witn  staxidard  thiosulfate, 

if 

2Mn  ♦  iiC'H"  -  .  H^O 

+  21 "  +  m* - Mn"”  +  l2+'3H20 

+  2S  0  -  21"  *  5  0^ 

2  2  3  li  6 

To  correlate  the  oxygen  analyzer  scale  with  concentrations  of  oxygen 
three  test  solutions  consisting  of  t«ip  water,  distilled  water^and  distilled 
water  bubbled  with  oxj'ger.  were  analyzed  by  the  Beckman  Oxygen  Analyzer. 

Scale  readings  were  then  compared  to  oxygen  con  ent  as  determined  by 
titration  with  standardized  sodium  thiosulfate. 

Standardization  of  the  sodium  thiosulfate  was  ao  .mplished  using 
potassium  dichromate  (196mg/2?ccH2C' ^  as  a  primary  standard.  Oxygen  content 
was  then  determined  by  adding  O.S  ml  alkaline  solution  (UO  g  NaOH+  90g 


71 


Kl/lOO  ml  H^C'’  tc  a  knovm  volume  of  test  sample.  The  solution  was  acidified 
with  0.5  mis  of  1:1  s^olfurlc  acid  and  titrated  with  standard  scdiur.  thios-:!- 
fate  (^.''^^2'??;'  *o  a  yellow  en i  point,  A-'dition  c:  starch  ir.dicaUjr 
(2e/1000  ml  ^2'  ' t'-.is  point  resulte  i  ir.  a  blue-^een  co  lor;  this 
solution  was  aitain  titrated  with  standardized  scdium  thirtsulfate  until  the 
fclue-<prreen  color  disappeared,  A  blank  sample  of  boiled  water  served  as  a 
control . 


In  Table  11  a  comrarison  of  readings  ■''r.  the  analyzer  sample  -Ail’jmes 
and  ppr;  oxyren  as  determined  by  the  Winkler  method  is  presented.  T:.e 
calibration  curve  for  oxyf*en  content  ('Firure  12)  indicates  apcrcximately 
five  scale  divisions  cn  ‘he  aralyzer  equals  one  part  per  million  of  dissolved 
oxygen  by  weight. 

The  oxypen  sensor  unit  was  inserted  in  lyOO  mis  of  BH  without  nitrate 
solution  overlaid  with  lycp  cc  of  J?-u  fuel.  The  water-fuel  solution  was 
equilibrated  2k  hours  at  appreximately  50  mis  of  water  bottc-m 

inoculum  added,  ar;d  th*--  system  sealed  past  the  sensor  with  a  cork  stopper, 

A  magnetic  stirrer  naintdin‘“d  continuous  flow'  of  the  sample.  3y  use  of 
the  attached  r'^ccrder  the  system  was  constantly  monitored  during  each  of 
the  four  experiments  conducted,  (Fig-ure  13)* 

Run  1  was  conducted  by  niacin  -  -he  cxy--en  sensor  in  the  fuel  layer 
of  the  FH  -without  nitrate  medium  ann  the  flask  was  plugi-ed  with  ccttcr.  so 
that  the  amount  rf  air  enterirc  the  system  -was  r.c*  restricted.  In  r^un  ? 
the  sensor  was  placed  in  the  salts  layer  r  the  medium,  and  the  system  was 
closed,  but  not  sealed,  tnus  allowing’  res:.ricted  a.i.r  to  reach  the  sampuf.  . 
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TABLE  11 


X-rJTEOT 


nETE?l^I',T''  PY  THE  BFC'M.A 
TN'^F""  1'.'.  PFT'  ('iflM'XFH 


;  1  x  vn  r.  >!  ^  ■  t  y- vp 

'FH-X-’''!. 


SajnpJe 

Voltme  of  Sample 
Analyeen  on 

Beckman  Analyzer 

Percent 

Q 

Beckman  Analyzer 

Volume  of  Sa'".rlf=‘ 
Titrated  with 
Sodium  Utios'jl  I'ate 

1 

FFM  j 

r\.  ' 
■'-'2 

TAP  H^O 

100  mis 

16.7 

p.oii  mis 

■  *  ♦ 

200 

16.7 

16. u5 

:'.2 

300 

16.7 

27. OL 

3.1 

loo 

16.7 

36.66 

3.1 

Elstilled 

Water 

200 

10.0 

13.30 

uOC 

10.0 

26.^ 

2.3 

Distilled 

Water 

B'jhbled  '..’ith 

IFO 

1,1, 

2?.0 

2^00 

lil 

hS,B 

T  ,9 

ApiNi;.  ON  Oxrot  N  '■'NAi,  y.'l  <V 


The  third  and  fourth  runs  were  closed  co.T.pletely.  with  2‘:-  ml  of  inoculvm  for 
run  3  and  !’C  ml  of  inoculum  for  r'jn  The  sensor  in  r’lns  •  end  ,  wf;  re  in 
the  wntcr  layer. 

The  results  in  Fij  are  1;  show  th- r  -o  ch, anyr-e  ^n  -h'-  c::-'gc“  ccnc^ntx ati.^ 
of  the  fuel  l;jyer  occurred  dur'nc  rrQV't.h  of  the  -.v.-iter^bot  tor.  inoculuri  1) 

Changes  in  ox^rgen  concentration  die  occur  i.ov.ever  in  the  water  layer  -under 
partially  closed  conditions  (Hun  2).  In  cor.rletcly  closed  .systena  the  rate 
of  oxygen  aepletion  in  the  mediun  v;as  a  function  of  the  inoculum  size,  V/lth 
50  r.l  water -hottom  inoculium_,  about  r.alf  as  long  (theoretically  10  hours}  was 
required  for  depletion  as  was  reqi:ireri  for  a  25  ."il  inoculum, 

2*  CO^  Concentration 

Th.e  objective  of  this  study  was  to  determine  whether  the  CO^  con¬ 
centration  of  the  growth  .nedium  in  "uns  3  and  u  (see  Figure  13)  increased 
as  the  0^  content  decreased.  The  CO^  assay  concentration  was  negligible, 
undetectable  by  this  technique  at  0  time,  but  it  increased  to  approximately 
1,3  p.  mo.les  CO,^  per  rril  al'ter  92  h.ours  incubation  for  run  3,  and  l5  hours 
incubation  for  run  1.  This  was  expected  because  r.cst  of  tne  oxygen  had 
been  consumed  during  growth  of  th.c  organisms  durinr  this  time  period. 
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D»  Abaorptiun  and  fluorescence  .'-'easurementa 


The  rrorTtr.  of  nicrabcs  on  fuel  is  dependent  upon  the  oxidation  of 
hydrocarbons  to  oxyi'enated  components.  Some  of  the  hydrocarbons  are  oxidiced 
to  CO^,  some  to  ceilula’'  components,  and  some  to  end  procucts  such  as  slimes 
and  e-mulsions.  The  ohjective  for  this  quarter  was  zr.  determine  if  end  products 
could  be  detected  which  were  related  to  the  corrosion  and  filter  logring 
problemts.  In  this  study  both  the  fuel  and  water  phases  of  the  growth  medium 
were  exj,ained  by  ultraviolet  and  infrared  absorption  spectroscopy  and 
fluorescence  measurements  before  and  after  growth.  The  results  i'rom  these 
studies  are  described  below, 

1,  Fuel  Soluble  Compounds 

a.  Ultraviolet  Absorption  Before  and  After  Growth;  Microorganisms 
growing  in  Bus hnell -Haas  Fuel  medium  produce  compounds  whdeh  absorb  in  the 
ultraviolet  region  of  the  spectrum.  The  results  shown  in  the  First  Quarterly 
Report  indicated  that  microorganisms  produced  fuel-soluble  components  in 
Ldi  days,  which  absorb  at  310  to  350  mp,.  This  absorption  was  though,  to  be  due 
to  polynuclear  hyerocarbons .  During  the  third  quarter,  experiments  were 
conducted  with  fuel  which  had  been  incubated  with  fuel  organis^ns  for  5 
months , 

In  some  experiments  JP-u  fuel  was  used  as  an  overlay  to  support  growth 
of  the  nicroorg  inisms  in  the  water  bottom  (from  a  kerosene  storage  t.ank } 
while  in  others  JP-d  was  usee  .in  bH-medium.  The  ultraviolc-t  absorption  spectra 
observed,  us.ing  the  Cary  Li  spectrophotometer,  of  the  fuel  before  and  after 
growth  are  si.own  in  Figures  lli-17.  The  .c.am  R  batch;  of  iP-L  fuel  was  used  in 
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Figure  14.  CalibraUon  Patterns  of  CoDteminated  and  Filter  Sterilized  jP-4  Fuel 

4.  UnsterUe  fuel  vs.  unsterUe  fuel;  2.  Overlay  fuel  from  water 
bo^m  vs.  unsterile  fUel;  3.  and  6.  Overlay  fuel  from  control  BH  vs. 
unsterlle  fuel;  5.  Overlay  fuel  from  culture  14  vs.  unsterUe  fuel; 

7.  Overlay  fUel  from  culture  10  vs.  unsterUe  fuel;  Curves  1,  2  arid  4 
wre  for  unsterUlzed  fUel.  Curves  3,  5,  6,  and  7  were  for  mlUlpore 
filter  sterilised  fuel. 
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Figure  15.  Absorption  Pattern  of  Dilutions  of  JP-4  Fuel  After  Growth 
of  Water  Bottom  Culture 

Curves;  1*  Unsterile  fuel  vs.  unsterile  fuel.  2.  1  10  dilution  with  unsterilc  fuel  of 
overlay  fuel  from  water  tKJttoni  vs.  unsterUe  fuel,  3.  I  100  dilution 
with  unsterile  fuel  of  overlay  fuel  from  water  bottoni  vs.  unsterile 


wavelength  in  millimicrons 
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Figure  16.  Abs  jrption  Patterns  of  Cyclohexane  and  Dilutions  of  jet  Fuel  with 
Water  as  Reference' 


Curves; 


L  Water  vs.  water;  2.  Cyc.ohexane  (spei'troanal v/,ed)  vs,  water;  3.  1  10 
dilution  in  cyclohexane  of  unsterile  jet  fuel  vs.  water,  4.  1  100 
dilution  in  cyclohexane  of  unstt  ril.  j.-t  fuel  vs.  water.  Water  was  used 
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Figure  17.  Absorption  Patterns  of  CvclulK-xane  DUutr.n.s  of  Fuel  Overlay  from 
Water  Bottom  Culture  vs.  .1,  t  Fuel  Dilution  in  Cvclohexane  ' 

Curves:  1.  1  100  ciUution  <;1  jet  fuel  in  cvclolie.\ane  v.s.  1  lOO  uihition  of  ^et 
fuel  111  cyclohexane;  2.  1  lUO  (ilutioi,  ,,t  watej-  bottom  fuel  m 
cyclohexane  vs.  1  100  cl.luti.,n  of  jet  fuel  m  evclohe.xane ■  3.  1  10 
dilution  of  jet  fuel  m  c'ycl..{,„..xaiu.  v.s.  i  lo  .lilutnui  of  jet  fuel  ip 
cyclohe^ne,  4.  1  lu  dUuti  n  ■  .f  x..te  b.tton:  fuel  in  evclohe.xane 
vs.  1  10  dUution  ..t  let  luel  in  evrl  ,.,.  xaia  .  All  luel  was  from  the 
same  batch  and  w.i.s  not  .-.f,  :  Ai/,.  •. 


all  cases 


Figqre  liit  Figure  lii  shows  the  spectral  analysis  of  sewn  fuel  ssu!rp.lss. 
nnsterlllied  JP-li  fuel  vaa  used  as  a  reference  in  all  of  these  studies,  thus 
only  differences  in  absorption  from  that  occurring  in  the  original  fuel  are 
observed*  C’jrres  1  and  h  are  base  lines  for  the  study  wrdch  resulted  wnen 
the  absorption  of  unsterilised  fuel  was  read  against  itself  in  both  the 
reference  and  sample  chambers.  Curve  2  shows  the  change  in  absorption 
which  occurred  when  the  fuel  was  incubated  for  5  months  over  five  gallons 
of  water  bottom  culture.  The  peaks  (shown)  at  360  and  38an^L  were  not  previ¬ 
ously  shewn  (First  Quarterly  Report)  because  of  the  dilutions  used,  klien 
this  fuel  was  diluted  (figures  1$  and  17)  no  absorption  was  observed  at 
these  wave  lengths.  In  general,  curve  2,  Figure  Ul,  is  similar  to  the  data 
previously  presented  except  much  greater  absorption  is  shown  at  330m**.  and 
below. 

Curves  3,  5,  6  and  7  of  i'lgure  li*  were  fuel  samples  from  bottles  con¬ 
taining  BH  overlaid  with  millipore  sterilized  fuel  which  had  been  incubated 
for  5  months.  Curves  3  and  6  represent  the  absorption  of  uninoculated 
controls,  and  curves  $  and  7  represent  the  absorption  after  growth  of  pure 
cultures  of  organisms  lU  and  16  respectively.  The  decreased  absorption 
shown  in  cxirves  3,  5,  6  and  7  indicates  that  millipore  filtration  might  be 
removing  some  of  the  components  in  fuel  which  absorb  between  330  and 
An  experiment  to  test  this  hypothesis  is  shown  in  paragraph  D.l.b,  The 
important  observation  here  is  that  the  water  bottom  culture  produced  some 
fuel  soluble  components  during  growth.  These  corapoxmds  werr  not  formed  by 


the  jTure  cultures. 


F’lgure  X?-’  The  curves  in  Figure  15  show  the  absorption  characteristics 
oi‘  lAO  and  IflOii  dilutions  in  unsterile  Jet  fuel  of  the  fuel  which  was  over 
the  water  botior,  inoculiun.  Th.e  base  line  was  nrepared  as  descriheri  Jn  Figure 
lii.  Tiie  cil  lut-ed  water  bottom  fuel  v.’as  compared  to  the  reference  fuel.  The 
data  is  sirdlar  to  that  previously  reported  except  that  nnich  greater  ab¬ 
sorption  was  apparent  at  IjOmpi  and  below.  About  times  more  sorbing 
material  is  present  in  this  study  than  was  found  previously  (O.D,  of  0,25 
compared  to  the  previous  0,D,  of  0,03).  The  reason  for  the  greater  absorption 
is  net  known,  ’unless  it  is  due  to  increased  metabolic  proebucts  fomed  by  the 
longer  incubation  period;  5  months  as  compared  to  1,5  months. 

Figure  16;  The  curves  shown  in  figure  16  were  run  to  determine  the  ab¬ 
sorption  characteristics  of  jet  fuel  alone.  Spectroscopic  grade  cyclohexane 
was  used  to  dilute  the  fuel. and  water  was  used  as  the  reference.  The  base 
line  was  obtained  by  using  water  in  both  the  sarc’le  and  reference  cuvettes. 
Curve  2  shows  that  absorption  of  cyclohexane  occurs  below  2S0mi^  with  no 
appreciable  absorption  between  250  and  600mp.,  Therefore  this  solvent  should 
be  suitable  for  diluting  the  fue^  the  absorption  charactei*iEtiC3  below  320  mp. 
could  be  observed.  Curves  3  and  U  show  absorption  of  1/J.O  and  lA^^O  dilutions 
of  JP-d  fuel  respectively  diluted  in  cyclohexane.  Jet  fuel  at.  these  dilutions 
has  absorption  peaks  at  318  and  312  and  absorbs  completely  below  290  mp.  when 
compared  to  water. 

Figure  17 >  The  objective  of  this  study  was  to  determine  if  differences 
in  absorption  characteristics  could  be  observed  in  fuel  after  .microbial 
growth . 
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DllutiotM  of  fuel  fixw  fuel  c!'Wl«3fB  on  water  bottor?  inoculuai  vere 
compared  to  apiffopriate  dilutlcaw  of  reference  Jet  I'uel,  Cyplohexa;^  was 
used  as  diluent  In  all  cases  and  the  base  lines  resulted  from  use  of  diluted 
reference  in  both  sarsple  and  reference  cuvettes.  The  aa.z&  ixi  curves  2  and 
h  indicate  that  the  water  bottom  culture  is  producing  sonething  that  has 
absorption  peaks  at  322,  318  and  28anti. 

b.  Ultraviolet  Absorption  of  Kerosene  and  Different  JP-h  Fuejs^  The 
objective  of  this  study  was  to  determine  whether  the  ultraviolet  peaks 
could  be  attributed  to  absorption  bv  kerosene.  Also  studied  -were  the 
ultraviolet  absorption  chaiactei*istics  of  aH  the  JP-h  fuels  which  hare 
been  received. 

The  kerosene  water  bottora  culture  was  taken  froiB  a  storage  tank  and 
then  allowed  to  sit  for  a  couple  of  days  before  overlaying  with  JP-U  fuel. 
The  possibility  still  remained  however,  that  some  kerosene  component  in 
this  water  bottom  could  be  responsible  for  the  peaks  we  observed  in  r'igures 
lii-17.  The  absorption  spectra  shown  in  Figure  18  show  that  this  possibili¬ 
ty  truly  exists,  because  kerosene  does  have  absorption  peaks  at  380  and 
360>»4i,  It  is  believed  however,  that  these  peaks  would  have  been  diluted  out 
more  than  is  indicated;  0,D,  of  0,1  Figure  Ih,  compared  to  an  O.D.  of  0.6, 
Figure  18,  at  380ni^.  Therefore  the  absorptivm  peaks  at  these  wavelengths 
are  still  believed  to  be  due  to  microbial  growth, 

c.  Fluorescence  Measurements;  The  possibility  that  microorganisms 
were  causing  the  formation  of  polynuclear  hydrocarbons  or  conjugated 
unsaturated  compounds  was  explored  by  stuaies  examining  for  fluoresence. 


The  fluorescence  of  control  and  water  bottorc  fuels  vas  examined  in  the 
Farrand  spectrorAiotofluorimetcr,  The  inatrumem*  was  calibrated  to  read 
50  units  (sensitivity  scale  X  0,1)  with  a  sample  (1  ug/ml)  of  quinine 
sulfate  dissolved  in  O.IN  sulfuric  acid,  in  both  samples,  the  control  fuel 
and  the  fuel  overlay,  fluorescence  was  noted  at  with  the  sr-t-ivat-ion 

energy  wavelength  at  Fluorescence  intensity  however  was  low,  about 

I4O  units  at  the  XO.l  scale.  Fluorescence  at  this  wavelength  imrOirates 
polynuclear  or  conjugated  aliphatic  hydrocarbons,  but  because  the  same 
fluorescence  was  observed  in  the  control  fuel  (no  bacteria),  their  presence 
had  nothing  to  do  with  growth. 

To  make  certain  that  cells  were  not  adding  components,  the  samples 
were  extracted  with  water  solution,  and  observed  for  fluorescence  at  pH  3» 

7  and  10,  No  differences  were  noted  between  the  control  and  contaminated 
fuels, 

d.  Infrared  Absorption  of  Fuel  Before  and  After  Growth'  Because  the 
organisms  were  growing  in  the  water  bottom  overlaid  with  jet  fuel  it  was 
hypothesized  that  they  should  be  producing  oxygenated  compounas  which  would 
be  soluble  in  the  fuel.  If  this  were  true,  then  these  compounds  might  be 
extracted  and  characterized  by  ultraviolet  absorption,  Preiiminai-y  exami¬ 
nation  of  the  fuels  indicated  that  some  oxygenated  compotinds  might  be 
present.  In  an  attempt  to  cut  down  the  interferences  ard  to  concentrate 
the  potential  infraured  absorbing  compound,  both  the  cort-ol  and  water  bottom 
fuel’,  were  fractionated  into  jl  fractions  by  distillation  and  again  examined 
for  infrared  absorption. 


The  fuels  were  fractionated  by  the  following  procedure: 

500  rala  of  the  fuel  were  distilled  through  a  9l  c*  x  2,5  c»  TacuuB 
;;acketed  coluwi  packed  with  3/l6  I.D,  glass  helices.  The  fuel  was 
dlstlUsd  at  5®  interrals,  and  tiie  reflux  ratio  of  the  liquid  varied  from 
approzistately  20  to  1  at  the  start  of  the  fractionation  to  10:1  at  the 
end  of  the  distillation  at  atmospheric  pressure.  The  aazlaum  pot  temper¬ 
ature  at  atnosj^erlc  pressure  was  220^0,  Part  of  the  remaining  liquid 
was  distilled  at  a  pressure  of  10  mn. 

It  was  observed  duilJig  the  distillation  that  darkening  of  the  fuel  in 
the  pot  occurred  from  fractions  above  lli.  The  final  fraction  (No,  30)  came 
off  as  a  colorless  liquid,  but  the  liquid  in  the  pot  remained  as  a  black  dark 
residue  (approacUnately  75  mis,) 

Each  of  the  fractions  of  the  water  bottom  fuel  was  examined  by  infrared 
spectroscopy.  Unfortunately  no  significant  differences  could  be  observed 
between  the  control  and  water  bottom  fuels  and  no  fuel  soluble  oxygenated 
components  were  formed  during  growth. 

The  main  conclusions  that  can  be  drawn  from  these  studies  ^lre:  (1) 

No  fuel  soluble  ojqrgeT  ated  compounds  were  formed  and  concentrated  in  the 
fuel  during  growth,  (2)  the  absorption  peaks  observed  at  282,  320,  360  and 
380mfL  are  probably  additional  polynuclear  hydrocarbons  or  conjugated 
unaaturated  compounds  formed  by  the  fuel  organisms,  and  (3)  the  ultraviolet 
absorption  differences  in  the  fuels  before  and  after  growth  may  be  diie  to 
contamination  by  kerosene.  No  differences  in  fluorescence, however, were 
observed  between  control  (JP-i*  only)  and  contaminated  (with  bacteria  and 
and  possibly  with  kerosene  sp^^ples). 
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e.  The  Effect  of  SterlUgatlon  Techniques  on  UV  Absorratlon  of  Fuel! 
SterildBation  of  JP-4t  fuel  is  routinely  done  by  Killipore  filtration  in 
which  filters  with  pores  OMS  micrcms  in  diameter  are  used.  Recently, 
studies  with  this  filter  fuel  indicated  possible  removal  cf  ultraviolet 
absorbing  cociponents  from  the  fuel  by  sterilization.  Accordingly,  auto¬ 
clave,  Mill! pore,  and  glass  frit  sterilized  fuels  have  been  investigated 
this  quarter. 

Three  one  hundred  ml  samples  of  sterile  fuel  used  in  the  study  were 
prepared  by  (1)  autoclaving  at  15  lbs,  pressure  for  15  minutes,  (2) 

Milllpore  steirilization,  and  (3)  filtration  through  ultra-fine  fritted 
glass.  A  fourth  sample  of  nonsterile  fuel  was  used  throughout  the  study 
as  a  reference  blank.  In  initial  attempts  to  compare  the  four  fuel  sair43les, 
a  Bausch  and  Lomb  Recording  Spectrophotometer,  Model  505  was  used.  Since 
the  fuel  samples  absorbed  completely  belcai  325  millimicrons,  the  fuels 
were  diluted  with  cyclohexane  and  scanned  from  wavelengths  of  250  to  hOO 
millimicrons.  Initial  scans  indicated  a  more  detailed  survey  of  peaks 
absorbing  between  wavelengths  of  300-350  millimicrons  van  necessary. 

The  spectra  of  nonsteidle  fuel  diluted  1:2000  Is  presented  in  Figure 
19,  and  autoclaved,  glass  frit  and  Milllpore  sterilized  fuels  are  shown 
in  Figure  20,  Glass  frit  and  Milllpore  sterilization  appears  to  yield 
fuels  with  ess'^ntially  the  same  components,  but  autoclaved  fuel  differs 
from  filtered  fuels  by  at  least  one  component  as  evidenced  by  the 
isosbestic  points  at  273np  and  257i''h.  The  importance  of  this  difference 
could  be  investigated  in  growth  studies  in  the  future. 
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Figure  19.  Ultraviolet  Absorption  of  Noristerile  Fu“I 
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WAVELENGTH  IN  MILLIMICRONS 


2,  Puel  Solubility  in  Water 


a.  Microbial  Growth  on  Water  Soluble  Fuel  Coi^cnents :  Preliminary 
studies  showed  the  extent  to  which  ibel  was  soluble  in  water.  This  was 
demonstrrted  by  the  ultraviolet  absorption  at  2iiO-3iiOTP.'^,  with  a  peak  at 
270  mp.,  of  water  rreviousiy  overlaid  with  fuel.  The  spectra  are  shewn  in 
Figure  21,  Experiments  ware  conducted  to  determine  if  fuel  organisms  would 
grow  on  these  water  soluble  fuel  components. 

Initial  attempts  to  determine  the  effect  of  microorganisms  on  water 
soluble  fuel  components  were  conducted  by  -rowing  three  cultures  39,  9li,  and 
96  in  BH  plus  fuel  and  BH  with  fuel  removed  after  vigorous  shaking.  The 
procedures  employed  are  described  in  Table  12. 

Viable  plat,e  counts  were  made.  Table  12  indica’.ed  growth  occurred  in  BH 

medium  with  fuel  and  5H  medium  with  fuel  removed.  Very  little  or  no  erowth 

occurred  in  BH  salts  only.  Changes  in  absorpticn  at  2'^1  mpi  as  a  measure  of 

growth  were  complicated  by  emulsion  formation  and  absorptivity  increments  did 

not  correspond  to  increases  in  cell  number  as  determined  by  plate  count. 

b.  Use  of  Water  Soluble  Fuel  Cempenents  in  Growth;  To  circumvent  this 
problem  of  turbiditv  the  water  layer  wa^  centrifuged  prior  to  ultraviolet 
analysis  the  Zeiss  spectropJ.otometer,  A  nixed  kerosene  water  bottom 
culture  was  used  as  inoculum  and  the  experiment  was  repeated  under  the 
conditions  specified  in  section  a,  above.  The  changes  in  the  number  of  viable 
cells  were  net  determined. 

The  results  ir  Figure  21  s"cw  the  ahserptien  of  water  soluble  fuel  com¬ 
ponents.  The  absorption  of  fuel  components  and  emulsions  is  shewn  by  curves 
A  and  B.  The  absorption  shown  by  curve  C  is  due  tc  the  emulsion  only.  The 
spectra  in  Figure  '2  i^hcw  the  decreased  absorption  at  271  mp  resulting  from 
the  utilization  of  fuel  as  a  carbon  source  the  organisms. 
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TABL.-;  1? 


CCMFASI3CN  OF  GRG^fi'H  OF  C’oLrJRES  8?, 


9h  A'iD  96  ON  5USHHEU- 


PLUS  FUEL 


fEDI^JK  AND  5USrUrELL*^iAAS  'tflDi  FUEL  .xIICVEi;  .'j-'TEH  SiAKrir.  .-rr 


j  Culture 

Time 

EH-Fvel 

BH  with 

F:el  iieftiu.eJ 

Hh-nc  F.el 

89 

0 

U • ^  X  iO 

1 

5.1 

X  10' 

ii.9  X  10' 

3.8  X  105 

1  Cj 

U  •  -J 

X  10? 

X  10? 

i 

i 

2ii 

8.5  X  10^ 

1  X 

10’' 

5.--  X  10? 

: 

7.1  X  10^ 

1.3 

X  lo"^ 

".3  X  10? 

hd 

1.1  X  10^ 

2.2 

X  lo"^ 

6.5  X  10? 

9.3  X  lO^J 

X  lo"^ 

^  X  10? 

9U 

0 

1.2  X  10^ 

9.8 

X  10? 

X  10? 

9.9  X  10? 

1  X  10^ 

9.0 

9.1  X  10? 

2U 

2.1  X  10^ 

3.1 

X  lo"^ 

2.2  X  10? 

1,3  X  105 

2.1 

X  lo"^ 

1.3  X  10^ 

hd 

2.5  X  lo'7 

1.3 

X  10® 

I  X  10^ 

2.1  X  lo”^ 

1.2 

X  10® 

2  X  10® 

96 

0 

6»h  X  10^ 

9.3 

X  10? 

^.2  X  10^ 

6,6  X  10^ 

9.9 

X  10? 

2."  X  10^ 

2h 

6.3  X  10^ 

6.7  X  10^ 

5.5 

i.e 

X  10^ 

.<  lo"^ 

1.9  X  10? 

1.-^  X  10? 

h8 

2.0  X  10^ 

5.6 

X  lo"^ 

l.h  X  10? 

2.2  X  105 

7.0 

X  10 

5.2  X  10? 

*Experiment  was  done  in  duplicate  for  each  of  the  three  cultures,  100  ml  cf 
BH  was  overlaia  with  20  ml  of  JP-L.  Fcr  fuel  rec’.cveri  studies  the  fuel  -  BH 
mixtures  was  shaken  in  a  separator}/  funnel  and  the  water  layer  was  removed. 
Aseptic  conditions  we-e  emplcyed  as  previously  described.  10  ml  cf  inoculum 
of  each  culture,  previously  grown  on  3H-fuel  for  1  week,  was  added  tc  the 
EH  salts.  1,0  ml  samples  were  withdrawn  at  0,  2h  and  4“  hours  for  rdating 
on  TOY  and  9  ^  samples  were  withdrawn  fcr  T/  analysis. 


OPTICAL  DENSITY 


R7SJO 


240  260  280  300 

wavelength  IN  millimicrons 


Figure  21.  Ultraviolet  Absorption  of  Water  Soluble  Fuel  Compont-nts  at  0  Tinu 
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OPTICAL  DENSITY 


Figure  22.  Ultraviolet  Absorption  of  Water  Soluble  Fuel  Components  After  75 
Hours  Incubation  with  Water  BoHoni  Inoculum 
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Iti  this  preliminary  study  the  tine  snl  speed  of  centrifugation  were  not 
controlled  and  it  was  obvious  that  the  absorption  ut  mp  cculd  nc t  be 
compared  from  one  analysis  tc  the  next,  because  different  quantities  of  enulsicn 
were  fcrined  in  different  cultures,  ncwever,  one  can  ccnpar*'’'  curves  A,  ?  and  C 
at  each  of  the  incubation  times.  This  data  is  shewn  in  Table  It,  The  cause 
of  the  small  difference  after  pr  hours  of  growth  is  nc  evident.  FVirther 
expert mentation  is  required  to  determine  the  cause  ci  tne  sma^l  difference 
in  absorption  observed  after  96  heurs  of  growth, 

c.  Infra  Red  Abscrptior  of  the  Water  Layer  Before  and  After  Growth: 
Analysis  of  the  fuel  layer  before  and  after  f>rowth  revealed  neither  great  nor 
significant  differences  and  attention  was  turned  tc  the  analysis  of  the  water 
layer.  Pure  culture  isolates  cf  cult’ure389,  9h  and  9b  form  emulsions  in  their 
growth  on  fuel.  Because  these  organisms  were  isclate-^  from  corroding  aircraft 
fuel  tanks  and  because  the  current  corrosion  biTiothesis  relates  the  formation 
of  long  chain  alcohols  and  acid?  in  low  mineral  environments  with  accelerated 
corrosion,  it  was  decided  that  analysis  of  emulsions  from  these  caltores  would 
be  desirable.  Cultures  89^  9^  and  96  were  grown  for  five  days  in  BH  minus 
nitrate  on  the  shake  machine  at  Control  samp-ies  containing  no  inoculum 

were  treated  in  the  same  itanrtei  .  Tne  aqueous  layers  were  extracted  wi.th  diethyl 
ether  and  dried  by  evaporation  at  room  terrperaiure  ir.  a  vacuum  desiccator  at 
reduced  pressure.  Tnis  dried  materia,  was  analyzed  by  a  smear  technique  and 
samrles  from  culture  powere  found  to  contain  a  carbonyl  group  as  evidenced 
by  the  peak  at  5.8^^  u  (Figure  "r.e  ccrtrcl  samole  (Figure  gave  nc 

indication  cf  this  material,  Famples  from  c.ltures  and  '^L  ;.-lmuras  -  26' 
do  not  exnlbit  strong  a’’'? orpticn  ir.  this  I'egicn,  nut,  i-.  i.ndi^a^e  ’di- 
possibility  of  the  presence  cf  1  crii-honyl  gr:  17  . 


TABIii  13 


:icN 


A'ATKJ'HSCLL-BLr 


aMi-CNirrrs  b/  .va'; 


DtTTtM 


.'Rr- 


^  Incubaticn  time 
(Hour;’  ] 

-  ^ 

^"I'v  -y 

Difference  i 

i 

_ _ _ _ _  1  ■  . ■ 

ihiel 

i 

U 

.5«0 

•  \J\J  i 

or. 

L.  ^ 

.1j96 

.ul8 

A  j 

j 

hi 

.Sh? 

.U9’ 

1 

.1^.5  : 

71 

.I7h 

.310 

.161j  i 

15 

-39^1 

.22'; 

.168  1 

*96 

.hl5 

.}li9 

.125 

150 

.553 

.292 

.266 

frThis  is  absorption  after  centrifugation 
were  employed  for  saT.ples  oaken  at  each 
c end iti ons  were  ennlcyed  the  abserptier 
for  each  time. 


.  Different  centrifugaticr  conditions 
time.  Theoretically,  if  identical 
of  the  HH  ♦  fuel  would  identical 


23.  Uur.ti  '  :  rpli  ■-  :  ^  ■  .<•■  t.iiiul- .  w 

E'Cti  .K-tr.j  ;;■  1!.  ,i  j...  .  -  wt.-i  ;!;.  iuiii,  Aitii  ueUuIet.i.  r  -.iritnl 

•iiul  /'-.l  i  ■  :  •.  l  iii'.i.j 
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ADNvgaosav 


Future  work  i^ill  include  the  i^ro%fth  of  culture  *^6  on  pure  aliphatic  and 
aronatir  hydrocarbons  to  determine  if  emulsion  formation  occurs.  Attempts 
will  also  be  made  to  ^t  emulsion  formation  on  the  low  nineral  medium  in  JP-li 
fuel, and  on  pure  hyurocarbons .  The  correlatiof’  i'etween  ccrrcsicn  and  emulsion 
formation  will  r.hen  be  made. 
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Nutritic^n^i  Studies 


V 

ia 

In  the  past  the  most  hepira'l">  xediura  for  sturiy  of  the  ccrrcsicr.  mechanis 
was  conside'"ed  tc  'e  a  ^ t  "G'.'  me-’ium.  ilcwever,  '..he  corrosion 
experiments  have  shcwr  that  careful  ct  rsi  dera  •-ic-  has  tc  *-6  frtven  tc  medium 
uisd  in  corrosi-on  studies.  For  this  reaccr  two  media,  one  cental  nint?.  copper, 
were  selected  from  the  nutritional  studies  at  Sharpley  La'-_cratcries  for  in¬ 
vestigation  during  this  quarter.  The  methods  anc  prcced.^res  for  this  st..d,y 
are  described  below. 

1,  Coiryiarison  of  Growth  and  Corrosion  on  Medium  A  and  3H 

The  comparison  of  growth  with  corrosion  on  Bushnei 1-Haas  minus -nitrate 
fuel,  medium  A-fuel  and  modified  A-fuei  (see  appendix)  was  carried  cut  with 
isolate  96,  originally  obtained  from  fuel  tanks.  The  sterile  medium  (100  ml 
overlaid  with  20  ml  JPii)  was  inoculated  with  9  mis  of  culture.  Controls  of 
each  medium  were  uninoculiited. 

Test  and  control  cultures  'were  incu^mted  at  30'^C  rn  an  incubator  shaker 
for  two  days.  Samples  -were  withdrawn  from  test  and  controls  at  0,  Cii  and  Ii8 
hours  for  determining  ’/iable  counts.  The  results  in  Figtire  ??  show  that 
medium  A  was  better  than.  or  medium  A  containing  sulfate  instead  of  nitrate. 
The  aluminum  in  each  case  was  dar-cened  a'-Md  no  piilting  was  emserved,  F..,rther 
study  of  these  media  ir.  addition  vc  Dii-nitra’^e  media  is  plar'.ned  during  the 
next  quarter  to  determine  if  differences  in  ccrrosion  can  be  observed. 

2 .  Effect  of  Copper 

Preliminary  investigaticn  ci  the  effect  of  copper  on  mrewth  of  three 
bacterial  cul  .  -res  was  coniuctei  by  grtwinfr  these  ■:u..t.-ren  in  medium  A  - 
nitrate  fuel  •■ni  mei'ium  A--  r.i  irate  :  i..~  0,0 '•  -r-imn  of  copter  ;>’r  liter. 

Investi^atir  ns  by  dh'-ruiev  Labor u' or- es  rnewe;;  thai  :c:  per  suppressed  growth 
d  .rir-'  f  "  f:r  fow  davs  ■‘.'•.■■r  ifr;-  ncu-at^cr  leriods  a  growth  acceler¬ 
ation  effect  was  riC.icrd,  iu*' 


Sterile  Medium  A  nitr^^te-fuai  plus  copper  and  Medium  A-nitrate  fuel  minus 
cotiper  (100  -nl,  containing’  70’^  and  702..  alloys)  were  inoculate'’  with  five 
ml  of  culture'-  ~9,  9U,  and  rest  and  control  s  uni nc c..late-i )  flasks  were 

incubated  cn  a  New  Brunswick  shaker  at  'O'’ C  for  Id  davs.  ':rrwt.':  orcurnin?;  in 


these  flasks  was  fc-llcwed  vi,.hie  plate  counts  i 


ir  ,) 


>  ^  t  f 


and  Ih  days  incuhaticn.  Less  growth  occurred  with  c..lt..r’?  cf  and  '^u. 

The  results  indicated  that  all  the  cultures  decreasea  in  grovt;.  during  the 
first  day  incubation  in  the  pi  ssence  of  conper  (Figt.res  rq^  '<0) .  Cultures 

89  and  9h  however,  shewed  less  growth  in  .he  presence  cf  copper  than  in  its 
absence  during  the  first  day  whereas  c^^lture  96  showed  greater  growth  in  the 
first  day  in  the  presence  of  copper.  After  two  weeks  growth,  however,  there 


were  no  significant  differences  in  growth  between  the  two  media. 


INOOD  naD 


Figure  2d.  Mean  Growth  of  Culture  89  in  Medluir.  A  -  Fuel  Plus  Copper,  and 
Medium  A  -  Fuel  Miims  Copper 
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IME  IN  HfcYS 


Figure  30.  Mean  Growth  of  Cultun.  96  in  Meciiuni  A 
Medium  A  -  Fuel  Minus  Cofiper 


'■rr' 


rui*,^!*f;5  ar.'i  T-;?!  isflstes.  1  r'  cr.i?  -•'frf;  f'i  ,  Wr  *  >■ 


-  "T* 


T'  '  T'  w 


^^a^  wh^^n  calir"  ("..  i*,,;re3  W'-re 


Ti^^i  CtIL2j5  WGI’C? 


r,.ij.led.  «  Sftcr.no  «t.uri\r  utiii?!"."  ~rcvi-^  Cells  1;,  rit:--.  t  -v---,;?-!  ..r. 

wltfi  r.*ei  overlay  shewed  vnat  ^*1  cu]t;;res  -^rew.  Therefcre,  in  the  "TC’scncc 
rich  medium  f'-el  is  definitely  net  lethal.  In  a  third  exnerimert ,  r.creal 
and  fuel  cultures  were  placed  in  3;i-fuel  medium.  It  this  case  the  ncml 
cultures  were  killed  and  fuel  isolates  survived  and  .trew. 

During  the  third  quarter,  resting  ce^ls  cf  fuel  isolates  grewr.  ir.  Si 
nitrate  fuel  madium  have  been  incubated  under  JP-h  fuej.  tr.  de'.err-.ine  if  fuel 
grown  cells  are  killed  under  conditions  where  they  car.nct  grow. 

To  determine  whether  survival  cf  fuel  isolates  in  3H  medium  wa-  cue  to 
growth,  a  medium  was  prepared  which  lacked  a  nitrogen  source;  sodium  sulfate 
was  substituted  for  ammonium  sulfate  in  the  BH  medium.  The  experiment  was 
conducted  br/  inoculating  five  flasks  containing  100  mis  of  3H-r,itrcgen  free- 
fuel  medium  with  ?  mis  of  test  culture.  FlLasks  cf  3H  minus  nitrate  fuel 
medium  inoculated  with  each  cf  the  five  culturer  served  as  controls.  One  ml 
samples  were  withdrawn  from  test  and  control  flasks  at  C,  71  ar.d  ah  hours 
incubation  for  viable  plate  counts. 

The  results  presented  in  Table  Ih  indicate  that  growth  occurred  in  all 
cultures,  in  both  iH  and  3H-nitrate  free  medium.  Careful  examination  of  the 
reagents  used  in  the  modified  BH  medium  revealed  that  0.02  percent  nitrogen 
was  added  tc  the  medium  through  use  of  reagent  grace  cheinicais.  This  sma  .1 


amo'int  of  contamination  appears  sufficient  to  support  growth.  Further  attempts 
tc  obtain  nitrogen  free  salt  solutlors  are  planned  for  the  next  quarter.  One 
approach  might  be  to  grew  the  cells  in  the  BH-nitrogen-free  fue3.  medium  then 
centrifuge  them  out,  renterillze  the  medium  and  test  it  again  for  ability  to 
support  growth.  Unless  the  cells  are  fixing  nitrogen  it  would  be  removed 
by  the  cello  during  growth  and  thus  a  nitrogen  free  solution  could  be  obtained, 
Anotner  approach  might  be  the  growth  of  the  cells  in  rich  medium  and  BH-fuel 
medium,  followed  by  washing  and  resuspension  in  distilled  water.  The  amount 
of  killing  or  growth  of  these  cells  v;hen  exposed  to  a  distilled  water-fuel 
environment  could  be  followed  by  determining  viable  cell  counts  during  the 
incubation  period.  Also  to  be  stuF'od  in  the  next  quarter  vri.ll  be  the  effect 
of  saline  and  fuel  on  resting  cells  of  fuel  grown  organisms. 


REFERENCES 


1.  Gholson,  R.X.,  N.  J, Baptist  and  M.J,  Coon,  Hydrocarbon  Oxidation  by  a 
Bacterial  Fnzyme  System.  II,  Cofactor  Requirements  for  Octaneal  Formation 
from  Octane,  Biochem.,  2,  113'5  (1963). 

2.  Hamilton,  G.A.,  L.  Woo,  and  R.J.  Workman,  Studies  on  Some  Model  Reactions 
for  Oxygenases,  to  be  presented  at  the  Division  cf  Biological  Chemistry 
of  the  American  Chemical  Society,  Denver  Colorado,  January  20-?3,  I96J4. 

3.  L'hlig,  H.,  Corrosion  and  Corrosion  Control,  John  Wiley  and  Sons  Inc.. 

New  York,  N,  Y,  ,  .  -  -  “ 

h,  Blanchard,  G.C.,  Mechanism  of  Microbiological  Contaminal ion  of  Jet  Fuel 
and  Development  of  Techniques  for  Detection  of  Microbiological  Contami¬ 
nation,  Second  Quarterly  Progress  Report,  1  June  -  1  Sept.  I963.  Contract 
AF  33(63'?) -9186. 

5.  Daniels,  F.  and  R.  Albertz,  Physical  Chemistry,  John  Wiley  and  Sons  Inc., 
New  York  (1955). 

6.  Bregina,  M.  and  P,  Zuman,  Polarography  in  Medicine,  Biochemistry,  and 
Pharmacy,  Interscience  Publishers,  Inc.,  New  York  (I958). 

7.  Blanchard,  G.C.,  First  Quarterly  Progress  Report,  1  March  -  1  June  I963, 
Contract  AF33(657)-9l86. 

8.  Pakes,  W.C.C.  and  W.H.  Jcllyman,  "The  Bacterial  Oxidation  cf  Formates  by 
Nitrates",  J.  Chem.  Soc.,  Sh9  C901). 

9.  Meites,  L,,  editor,  1st  edition.  Handbook  of  Analytical  Chemistry,  McGraw- 
Hill  Book  Company,  Inc.,  N.  Y,,  Methods  for  the  Determination  of  Dissolved 
Gases  in  Water  and  Sewage,  29h. 

10.  Adams,  M.H.,  Bacteriophages,  Interscience  Publishers,  lih6  (1959). 

11.  Bushnell,  L.D.  and  H.F.  Haas,  "The  Utilization  of  Certain  Hydrocarbons 
by  Microorganisms" ,  J.  Bacteriol.,  I4I,  653-673  (19R1). 


Ill 


APPENDIX 


Laboratory  Media 


A-Nitrate  Fuel 

Gram  per  liter 

SO^,  711^0 

o.U 

CaClg 

0.02 

K  POj^ 

2.0 

H  POj^ 

2.0 

NO3 

2.0 

Fe  Powder 

U.o 

Distilled  HgO  - .  to  " . — 

1000  mis 

Aluminum  coupon 

Fucl•!H^ 

20  mls/lOO 

pH  7.0 

SteilDlze  fuel  by  Mlllipore  filtration  and 

add  aseptically 

Medium  A-Nitr ate -Fuel  plus  Copper  add  0,039 

grams  of  CuSO,  . 

5H2O  to  medium  A-nltrate  fuel 

4 

Medium  A-Sulfate  -  fuel 

Substitute  (NH^)2S0|^  for  NHi^NO^  in  same  quantities. 

Formula  F;  (6) 

NHj^Cl 

l.Og 

MgSOj^ 

0,15 

KH2P0^ 

i.5g 

Na2HP0|^ 

3.5g 

Lactic  Acld^HHt 

9.0g 

Distilled  H2O  to 

1000  mis 

Adjust  pH  to  7.3  with  MaOH 

NA  Lactato,  10, Og,  may  be  substituted  here 


5 .  Bu shnell  -Haas  Salt 3  Soln 


MgSOj^ 

KH^PO^ 

K„HP0 


(NH^)2SOj^ 

CaCl2 


FeCl^ 

Distilled  H2O  to 

Adjiist  pH  to  7  *2  with  NaOH  or  HCl 
TOY  Agar 

Tryptone 

Yeast  ilxtract  . . 

Glucose 


KjHPOi^ 

Agar 

Tap  H2O  to 

pH  7.0 


0.2g 

l.Og 

l.Og 

l.Og 

0.02g 

0.05g 

1000ml. 


5.0  grams 
5»0  grams 
1,0  grams 
1,0  grams 
20,0  grams 
1000  ml 
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